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time  with  a  statement  of  the  qualifications,  and  a  two-thirds  majority  of 
(he  members  of  the  Board  shall  be  necessary  to  an  election. 

Applicants  for  membership  shall  be  qualified  upon  notification  of  elec- 
tion by  the  Secretary  by  the  payment  of  the  annual  dues,  and  unless  these 
dues  are  paid  within  60  days  thereafter  the  election  shall  become  void. 
An  extract  of  the  By-Laws  relating  to  dues  shall  accompany  the  notice  of 
election. 

Sec.  5.  Resignations  from  membership  must  be  presented  in  writing 
to  the  Secretary  on  or  before  the  close  of  the  fiscal  year  and  shall  be 
acceptable  provided  the  dues  are  paid  for  that  year. 


Article  II. 
officers. 

Section  1.  The  officers  shall  be  the  President,  two  Vice-Presidents, 
six  Directors  (one  from  each  geographical  district),  the  Secretary  and  the 
Treasurer,  who,  with  the  five  latest  living  Past-Presidents,  who  continue 
to  be  members,  shall  constitute  the  Board  of  Directors. 

Sec.  2.  The  Board  of  Direction  shall,  from  time  to  time,  divide  the 
territory  occupied  by  the  membership  into  six  geographical  districts,  to  be 
designated  by  numbers. 

Sec.  3.  There  shall  be  a  Committee  of  five  members  on  Nomination 
of  Officers,  elected  by  letter  ballot  of  the  members  of  the  Institute,  which 
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is  to  be  canvassed  by  the  Board  of  Direction  on  or  before  September  1 
of  each  year. 

The  Committee  on  Nomination  of  Officers  shall  select  by  letter  ballot  of 
its  members,  candidates  for  the  various  offices  to  become  vacant  at  the  next 
Annual  Convention  and  report  the  result  to  the  Board  of  Direction  who 
shall  transmit  the  same  to  the  members  of  the  Institute  at  least  60  days 
prior  to  the  Annual  Convention.  Upon  petition  signed  by  at  least  ten 
members,  additional  nominations  may  be  made  within  20  days  thereafter. 
The  consent  of  all  candidates  must  be  obtained  before  nomination.  The 
complete  list  of  candidates  thus  nominated  shall  be  submitted  30  days 
before  the  Annual  Convention  to  the  members  of  the  Institute  for  letter 
ballot,  to  be  canvassed  at  12  o'clock  noon  on  the  second  day  of  the  Conven- 
tion and  the  result  shall  be  announced  the  next  day  at  a  business  session. 

Sec.  4.  The  terms  of  office  of  the  President,  Secretary  and  Treasurer 
shall  be  one  year;  of  the  Vice-Presidents  and  the  Directors,  two  years. 
Provided,  however,  that  at  the  first  election  after  the  adoption  of  this 
By-Law,  a  President,  one  Vice-President,  three  Directors  and  a  Treasurer 
shall  be  elected  to  serve  for  one  year  only,  and  one  Vice-President  and  three 
Directors  for  two  years;  provided,  also,  that  after  the  first  election  a 
President,  one  Vice-President,  three  Directors  and  a  Treasurer  shall  be 
elected  annually. 

The  term  of  each  officer  shall  begin  at  the  close  of  the  Annual  Conven- 
tion at  which  such  officer  is  elected,  and  shall  continue  for  the  period  above 
named  or  until  a  successor  is  duly  elected. 

A  vacancy  in  the  office  of  President  shall  be  filled  by  the  senior  Vice- 
President.  A  vacancy  in  the  office  of  Vice-President  shall  be  filled  by  the 
senior  Director. 

Seniority  between  persons  holding  similar  offices  shall  be  determined  by 
priority  of  election  to  the  office,  and  when  these  dates  are  the  same,  by 
priority  of  admission  to  membership;  and  when  the  latter  dates  are 
identical,  the  selection  shall  be  made  by  lot.  In  case  of  the  disability  or 
neglect  in  the  performance  of  his  duty,  of  any  officer  of  the  Institute,  the 
Board  of  Direction  shall  have  power  to  declare  the  office  vacant.  Vacancies 
in  any  office  for  the  unexpired  term  shall  be  filled  by  the  Board  of  Direc- 
tion, except  as  provided  above. 

Sec.  5.  The  Board  of  Direction  shall  have  general  supervision  of  the 
affairs  of  the  Institute  and  at  the  first  meeting  following  its  election, 
appoint  a  Secretary  and  from  its  own  members  a  Finance  Committee  of 
three;  it  shall  create  such  special  committees  as  may  be  deemed  desirable 
for  the  purpose  of  preparing  recommended  practice  and  standards  concern- 
ing the  proper  use  of  cement  for  consideration  by  the  Institute,  and  shall 
appoint  a  chairman  for  each  committee.  Four  or  more  additional  members 
on  each  special  committee  shall  be  appointed  by  the  President,  in  consulta- 
tion with  the  Chairman. 

Sec.  6.  It  shall  be  the  duty  of  the  Finance  Committee  to  prepare  the 
annual  budget  and  to  pass  on  proposed  expenditures  before  their  submission 
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to  the  Board  of  Direction.  The  accounts  of  the  Secretary  and  Treasurer 
shall  be  audited  annually. 

Sec.  7.  The  Board  of  Direction  shall  appoint  a  Committee  on  Resolu- 
tions, to  be  announced  by  the  President  at  the  first  regular  session  of  the 
Annual  Convention. 

Sec.  8.  There  shall  be  an  Executive  Committee  of  the  Board  of 
Direction,  consisting  of  the  President,  the  Secretary,  the  Treasurer  and 
two  of  its  members,  appointed  by  the  Board  of  Direction. 

Sec.  9.  The  Executive  Committee  shall  manage  the  affairs  of  the 
Institute  during  the  interim  between  the  meetings  of  the  Board  of  Direc- 
tion. 

Sec.  10.  The  President  shall  perform  the  usual  duties  of  the  office. 
He  shall  preside  at  the  Annual  Convention,  at  the  meetings  of  the  Board  of 
Direction  and  the  Executive  Committee,  and  shall  be  ex-officio  member  of 
all  committees. 

The  Vice-Presidents  in  order  of  seniority  shall  discharge  the  duties 
of  the  President  in  his  absence. 

Sec.  11.  The  Secretary  shall  be  the  general  business  agent  of  the 
Institute,  shall  perform  such  duties  and  furnish  such  bond  as  may  be 
determined  by  the  Board  of  Direction. 

Sec.  12.  The  Treasurer  shall  be  the  custodian  of  the  funds  of  the 
Institute,  shall  disburse  the  same  in  the  manner  prescribed  and  shall 
furnish  bond  in  such  sum  as  the  Board  of  Direction  may  determine. 

Sec.  1 3.  The  Secretary  shall  receive  such  salary  as  may  be  fixed  by 
the  Board  of  Direction. 

Article  III. 

MEETINGS. 

Section  1.  The  Institute  shall  meet  annually.  The  time  and  place 
shall  be  fixed  by  the  Board  of  Direction  and  notice  of  this  action  shall  be 
mailed  to  all  members  at  least  thirty  days  previous  to  the  date  of  the 
Convention. 

Sec.  2.  The  Board  of  Direction  shall  meet  during  the  Convention  at 
which  it  is  elected,  effect  organization  and  transact  such  business  as  may  be 
necessary. 

Sec.  3.  The  Board  of  Direction  shall  meet  at  least  twice  each  year. 
The  time  and  place  to  be  fixed  by  the  Executive  Committee. 

Sec.  4.  A  majority  of  the  members  shall  constitute  a  quorum  for 
meetings  of  the  Board  of  Direction  and  of  the  Executive  Committee. 

Article  IV. 

DUES. 

SECTION  1.  The  fiscal  year  shall  commence  on  the  first  of  July  and  all 
dues  shall  be  payable  in  advance. 
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Sec.  2.     The  annual  dues  of  each  member  shall  be  ten  dollars   ($10.00). 

Sec.  3.  Any  person  elected  after  six  months  of  any  fiscal  year  shall 
have  expired,  need  pay  only  one-half  of  the  amount  of  dues  for  that  fiscal 
year;  but  he  shall  not  be  entitled  to  a  copy  of  the  Proceedings  of  that 
year. 

Sec.  4.  A  member  whose  dues  remain  unpaid  for  a  period  of  three 
months  shall  forfeit  the  privilege  of  membership  and  shall  be  officially  noti- 
fied to  this  effect  by  the  Secretary,  and  if  these  dues  are  not  paid  within 
thirty  days  thereafter  his  name  shall  be  stricken  from  the  list  of  members. 
Members  may  be  reinstated  upon  the  payment  of  all  indebtedness  against 
them  upon  the  books  of  the  Institute. 

Article  V. 

RECOMMENDED   PRACTICE   AND    SPECIFICATIONS. 

Section  1.  Proposed  Recommended  Practice  and  Specifications  to  be 
submitted  to  the  Institute  must  be  mailed  to  the  members  at  least  thirty 
days  prior  to  the  Annual  Convention,  and  as  there  amended  and  approved, 
passed  to  letter  ballot,  which  shall  be  canvassed  within  sixty  days  there- 
after; such  Recommended  Practice  and  Specifications  shall  be  considered 
adopted  unless  at  least  10  percent  of  the  total  membership  shall  vote  in 
the  negative. 

Article  VI. 

AMENDMENT. 

Section  1.  Amendments  to  these  By-Laws,  signed  by  at  least  fifteen 
members,  must  be  presented  in  writing  to  the  Board  of  Direction  ninety 
days  before  the  Annual  Convention  and  shall  be  printed  in  the  notice  of  the 
Annual  Convention.  These  amendments  may  be  discussed  and  amended 
at  the  Annual  Convention  and  passed  to  letter  ballot  by  a  two-thirds 
vote  of  those  present.  Two-thirds  of  the  votes  cast  by  letter  ballot  shall 
be  necessary  for  their  adoption. 


SUMMARY  OF   THE  PROCEEDINGS   OF  THE   SIXTEENTH  ANNUAL 

CONVENTION. 

Auditorium  Hotel,  Chicago,  111. 

First  Session,  Monday,  February  16,  1920,  11.15  a.  m. 

The  convention  was  called  to  order  by  W.  K.  Hatt,  President  of  the 
American  Concrete  Institute. 

The  report  of  the  Committee  on  Nomenclature  was  read  by  its  chair- 
man, W.  A.  Slater.  The  definitions  in  the  report  were  submitted  by  the 
convention  to  letter  ballot,  for  adoption  as  standard  practice.  The  follow- 
ing papers  were  read  and  discussed: 

"Examples  of  Application  of  Abrams'  Water  Ratio  in  Proportion- 
ing Concrete,"  by  Stanton  Walker. 
"Wear  and  Strength  Tests  of  Concrete,"  by  R.  E.  Crepps. 


Second  Session,  Monday,  February  16,  i:'20,  2.30  p.  m. 

President  W.  K.  Hatt  in  the  chair. 

The  report  of  the  Committee  on  Treatment  of  Concrete  Surfaces  was 
read  by  its  chairman,  J.  C.  Pearson.  The  Standard  Recommended  Practice 
for  Portland  Cement  Stucco  contained  in  that  report  was  passed  to  letter 
ballot  of  the  Institute. 

The  following  paper  was  read  and  discussed: 

"United  States  Standard  Sieve  Series,"  by  J.  C.  Pearson. 

The  report  of  the  Committee  on  Building  Block  was  presented  by  W.  R. 
Harris.  Part  of  report,  which  consists  of  resolutions,  was  referred  to 
Committee  on  Resolutions,  and  part  to  Board  of  Direction. 

The  report  of  the  Committee  on  Concrete  Aggregates  was  presented 
by  C.  M.  Chapman.     The  report  was  received. 


Third  Session,  Monday,  February  16,  1920,  8  p.  m. 

W.  K.  Hatt  in  the  chair. 

The  following  paper  was  read  and  discussed : 

"Flexural  Strength  of  Concrete  in  Compression,"  by  W.  A.  Slater 
and  R.  R.  Zipprodt.  The  paper  was  presented  by  Mr. 
Zipprodt. 
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The  report  of  the  Special  Committee  on  the  Determination  of  Proper 
Value  for  Vertical  Shear  in  Rein  forced-Concrete  Design  was  presented  by 
its  chairman,  A.  R.  Lord.  Action  on  the  report  was  deferred  until  a 
later  session. 

The  report  of  the  Subcommittee  of  the  Research  Committee  on  Recom- 
mendation for  Practice  in  Testing  Floors  in  Reinforced-Concrete  Buildings 
was  presented  by  its  chairman,  W.  A.  Slater.  It  was  received  by  the 
meeting. 


Fourth  Session,  Tuesday,  February  17,  1920,  10  a.  m. 

W.  K.  Hatt  in  the  chair. 

The  report  of  the  Special  Committee  on  Standardization  of  Units  of 
Design  was  presented  by  A.  W.  Stephens.     The  report  was  received. 

S.  C.  Hollister,  chairman  for  the  Institute  on  the  Joint  Committee 
on  Concrete  and  Reinforced  Concrete,  made  announcement  of  the  organiza- 
tion of  that  Joint  Committee. 

The  report  of  the  Special  Committee  on  Standardization  of  Specifica- 
tions for  Steel  Bars  for  Concrete  Reinforcement  was  presented  by  W.  S. 
Edge.  This  report  was  changed  in  its  wording  on  the  floor  of  the  conven- 
tion and  received  as  changed. 

The  following  paper  was  read  and  discussed: 

"Pressure  of  Concrete  Against  Forms,"  by  E.  B.  Smith.    The  paper 
was   presented  by   A.   T.   Goldbeck. 

The  report  of  the  Committee  on  Reinforced-Concrete  Barges  and  Ships 
was  presented  by  the  secretary.     The  report  was  received. 

The  report  of  the  Special  Committee  on  Contractors'  Plant  in  Rein- 
forced-Concrete Construction  was  presented.     The  report  was  received. 


Fifth  Session,  Tuesday,  February  17,  1920,  2.30  p.  m. 

W.  K.  Hatt  in  the  chair. 

The  report  of  the  Committee  on  Concrete  Roads  and  Pavements  was 
presented  by  K.  H.  Talbot.  Changes  in  Standard  Specifications  for  Concrete 
Roads  were  received  to  be  printed  in  the  current  Proceedings  as  informa- 
tion. Changes  in  Recommended  Practice  as  printed  in  Proceedings,  A.  C.  I., 
1919,  p.  413,  were  sent  to  letter  ballot  of  the  Institute  as  standard 
specifications. 

The  report  of  the  Special  Committee  on  Contractors'  Plant  was 
discussed. 

The  report  of  the  Committee  on  Reinforced-Concrete  Highway  Bridges 
and  Culverts  was  presented  by  the  chairman  in  abstract. 
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The  report  of  the  Committee  on  Sidewalks  and  Floors  was  presented 
by  the  chairman,  J.  E.  Freeman,  and  received  by  the  meeting. 

The  report  of  the  Committee  on  Concrete  Storage  Tanks  was  presented 
by  Chairman  H.  B.  Andrews.  Recommendations  governing  the  construc- 
tion of  reinforced-concrete  fuel  oil  tanks  were  received  *nd  ordeied 
printed  in  the  Proceedings.  Resolutions  offering  the  suggestion  that  the 
Institute  join  with  the  National  Fire  Protection  Association  in  the  prepara- 
tion of  standard  specifications  were  referred  to  the  Board  of  Direction. 

The  report  of  the  Special  Committee  on  Different  Types  of  Concrete 
Floor  Finish  was  presented  in  abstract  and  discussed. 


Sixth  Session,  Wednesday.  February  18,  1920,  PM0  a.  m. 

L.  C.  Wason  in  the  chair. 

The  following  paper  was  read  and  discussed: 

"Recent    Ideals    on     Vocational    Training    Applied    to     Concrete 
Workers,"  by  W.  K.  Hatt. 

W.  K.  Hatt  in  the  chair. 

The  report  of  the  Committee  on  Plain  and  Rein  forced-Concrete  Sewers 
was  presented  by  Chairman  W.  W.  Horner.  The  Specifications  prepared 
by  this  Committee  were  passed  by  the  meeting  to  letter  ballot  of  the 
Institute. 

Business  Session. 

The  secretary  read  the  report  of  the  Board  of  Direction. 
The  secretary  read  the  report  of  the  treasurer. 

The  secretary  reported  that  the  letter  ballot  had  resulted  in  the 
election  of  the  following  officers  for  the  ensuing  year: 

President,  Henry  C.  Turner. 
Vice-President,  Charles  R.  Gow. 
Treasurer,  Robert  W.  Lesley. 
Directors,  First  District,  Edward  D.  Boyer. 

Second  District,  Edward  A.  Tucker. 

Sixth  District,  Arthur  Bent. 

The  report  of  the  Committee  on  Reinforced  Concrete  and  Building 
Laws  was  presented  by  A.  E.  Landau.  The  Building  Regulations  prepared 
by  this  Committee,  with  amendments  on  the  floor,  were  adopted  to  be 
sent  to  letter  ballot  of  the  Institute. 

The  report  of  the  Special  Committee  on  Determination  of  Proper 
Value  for  Vertical  Shear  in  Reinforced-Concrete  Design  was  brought  up 
again  and  the  report  was  received  to  be  printed  as  information  in  the 
Proceedings. 
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The  following  paper  was  read  and  discussed: 

"Fire  Tests  of  Concrete  Columns,"  by  W.  A.  Hull. 

The  report  of  the  Committee  on  Fireprooflng  was  presented  by  W.  A. 
.Hull,  its  chairman,  and  received  by  the  meeting. 


Seventh  Session,  Wednesday,  February   1S,_  1920,  2.30  p.   m. 

Joint  session  with  the  National  Conference  on  Concrete  Housing 
Construction. 

The  report  of  the  Committee  on  Concrete  Industrial  Houses  was 
presented  by  K.  H.  Talbot,  its  chairman. 

O.tJ.1 

The  following  paper  was  read  and  discussed: 

"New  Developments  in   Surface-Treated  Concrete  and  Stucco,"  by 
J.  C.  Pearson  and  J.  J.  Farley. 


THE  WASON"  MEDAL 


Awarded  Each  Year  to  the  Author  of  the  Most  Meritorious   Pap^r 
Presented  to  the  Previous  Annual   Convention. 


Awarded  1919  to 


W.    A.    Slater,    for   his   paper,    "Structural   Laboratory   Investigations    in 

Reinforced  Concrete  Made  by  Concrete  Ship  Section. 

Emergency  Fleet  Corporation." 


Previous  Awards. 

1916 — A.    B.    McDaniel,    "Influence   of   Temperature    on    the    Strength   of 

Concrete." 

1917 — Charles  R.  Gow,  "History  and  Present  Status  of  the  Concrete  Pile 

Industry." 

1918 — Duff  A.  Abrams,   "Effect  of  Time  of  Mixing  on   the  Strength  and 
Wear  of  Concrete." 
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Papers  Read  Before  the  16th  Annual 

Convention  of  the  American 

Concrete  Institute 


FIRE  TESTS  OF  CONCRETE  COLUMNS.* 

By  W.  A.  HuLL.f 

Progress  reports  covering  a  large  part  of  the  fire  tests  of  concrete 
columns  which  have  been  conducted  at  the  Pittsburgh  laboratories  of  the 
Bureau  of  Standards  were  published  in  the  proceedings  of  the  American 
Concrete  Institute  for  1918  and  1919.  The  tests  already  reported  may  be 
outlined  as  follows: 

1.  A  comparison  of  the  fire  resistance  of  four  types  of  columns 
from  the  same  aggregate. 

2.  A  comparison  of  the  fire  resistance  of  columns  from  six  types 
of  aggregates. 

3.  Methods  for  safeguarding  columns  made  from  gravels  high  in 
quartz  or  granite. 

a.  By  plastering  on  the  completed  column. 

b.  By   substituting    several   types   of   plaster    for   protective 
concrete. 

c.  By  casting  columns  in  gypsum  forms  which  take  the  place 
of  protective  concrete. 

In  addition  to  the  work  already  reported,  tests  have  been  made  of 
columns  from  one  additional  type  of  aggregate,  and  of  columns  protected 
by  additional  types  of  plaster ;  other  columns  protected  by  gypsum  forms 
have  been  tested;  another  method  for  safeguarding  columns  made  from 
gravels  high  in  quartz  has  been  investigated.  This  method  consists  of 
providing  light  metallic  reinforcement  in  the  outer  concrete  to  prevent 
spalling  and  the  consequent  loss  of  the  covering.  It  is  the  purpose  of 
this,  the  third  report,  to  present  a  condensed  statement  of  the  results  of  the 
entire  investigation. 

Types  of  Columns. 

In  the  first  part  of  the  investigation,  a  comparison  was  made  of  four 
types  of  columns,  viz. : 

1.  Vertically  and  spirally  reinforced  cylindrical  columns. 

2.  Vertically  reinforced  cylindrical  columns. 

3.  Plain  cylindrical  columns. 

4.  Vertically  reinforced  square  columns. 


*  By  Permission  of  the  Director,  Bureau  of  Standards.     For   full  details  regarding 
these  tests  see  forthcoming  paper  by  Bureau  of  .Standards. 
f  U.  S.  Bureau  of  Standards,  Washington,  D.  C. 
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Columns  representing  the  cylindrical  types  were  made  18  in.  diameter 
and  12  in.  diameter.  Square  columns  were  16  x  16  in.  All  columns  were 
8  ft.  9  in.  in  length.     Details  as  to  reinforcement  are  given  in  the  tables. 

Aggregates. 

From  information  obtained  from  an  earlier  investigation l  it  was 
anticipated  that  widely  different  results  would  be  obtained  from  columns 
made  from  different  aggregates ;  that  gravels  of  high  quartz  content  would 
give  the  poorest  results  and  limestone  aggregates  the  best.  Columns 
representing  the  three  most  important  types  were  accordingly  made  from 
Pittsburgh  gravel  and  from  limestone  from  West  Winfield,  Butler  County, 
Pa.  The  limestone  was  furnished  by  T.  K.  Morris,  of  Pittsburgh.  Fol- 
lowing the  testing  of  columns  representing  the  four  types  above  enumer- 
ated, tests  were  made  for  the  comparison  of  additional  aggregates,  includ- 
ing trap  rock,  blast  furnace  slag  and  three  additional  types  of  gravel.  It 
was  found,  from  the  tests  made  in  the  first  part  of  the  investigation  that 
the  typical  tendencies  of  different  aggregates  were  shown  more  clearly  in 
those  cylindrical  columns  which  had  spiral  reinforcement  and  in  the 
square  columns  than  in  cylindrical  columns  without  spiral.  Consequently, 
only  a  few  columns  of  this  last  type  were  included  in  tests  for  the  com- 
parison of  aggregates. 

Mixing  and  Consistency. 

One  proportion,  1:2:4,  was  used  in  all  columns. 

Concrete  was  mixed  and  placed  by  hand.  Throughout  the  greater  part 
of  the  investigation,  the  consistency  maintained  was  that  resulting  from 
the  use  of  a  weight  of  water  approximating  8  percent  of  the  total  weight  of 
the  dry  batch.  It  might  properly  be  called  a  quaking  consistency;  when 
first  mixed,  it  would  stand  in  a  slightly  flattened  mound  without  spread- 
ing out  over  the  floor.  The  concrete  required  considerable  poling  in  placing 
but  was  of  good  workable  consistency.  There  was  not  much  tendency  for 
water  to  separate  and  rise  to  the  top;  when  the  form  was  filled  to  over- 
flowing, the  overflow  was  mortar,  for  the  most  part,  rather  than  separated 
water.  Test  cylinders  made  of  material  taken  from  the  top  of  the  form 
at  the  finish  of  the  casting  of  columns  failed  to  show  any  consistent  differ- 
ence in  strength  from  test  cylinders  made  from  the  concrete  before  placing. 
The  columns  did  not  show  a  tendency  to  give  top  failures.  In  the  latter 
part  of  the  investigation,  columns  were  made  with  expanded  metal  in  the 
space  between  the  reinforcement  and  the  form.  For  these  columns  and 
others  made  at  about  the  same  time,  a  somewhat  more  fluid  consistency 
was  adopted.  It  is  obvious,  however,  that  with  hand  mixing,  excessively 
high  proportions  of  water  could  not  be  used. 


1  A  Comparison  of  the  Heat  Insulating  Properties  of   Some"  of   the   Materials   Used 
in  Fire-Resistive  Construction.     Bureau  of  Standards  Tech.   Paper   1.30. 
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Test  Apparatus. 

The  test  apparatus  used  consists  essentially  of  a  gas -fired  furnace 
which  is  provided  with  a  loading  equipment  so  that  a  load  can  be  kept  on 
the  column  during  test  and  that  the  column  can  be  tested  for  strength, 
while  still  hot,  if  desired.  The  furnace  is  fired  with  natural  gas,  using 
twelve  burners  of  a  blast  type,  compressed  air  being  used  to  secure  a 
quick  and  thorough  mixture  of  gas  and  air  which  burns  with  a  short 
flame.  Fires  were  kept  oxidizing.  Baffles  are  so  arranged  in  front  of 
the  burners  that  the  flames  spread  out  over  the  walls  of  the  furnace  to 
some  extent  on  entering  the  furnace  chamber,  giving  fairly  uniform  dis- 
tribution of  the  heat  throughout  the  furnace  and  avoiding  any  localized 
impingement  on  the  column. 

The  load  equipment  consists  of  a  hydraulic  jack,  with  separate  hand, 
pump,  the  jack  being  supported  above  the  center  of  the  furnace  by  two 
pairs  of  I-beams  which  are  held  by  tension  rods  passing  through  the  ends 
of  a  reinforced-concrete  girder  which  extends  under  the  furnace,  support- 
ing the  foundation  for  the  column.  The  capacity  of  the  jack  is  500  tons. 
The  capacity  of  the  steel  structure  is  rated  at  600,000  lb.  With  the  500- 
ton  jack  and  hand  test  pump,  the  600,000  lb.  load  can  be  applied  without 
difficulty.  The  jack  and  test  pump,  with  gage,  were  calibrated  in  one  of 
the  testing  machines  in  the  engineering  testing  laboratory  of  the  bureau, 
and  this  calibration  was  used  in  the  determination  of  the  loads  on  the 
columns. 

Temperatures  were  measured,  both  in  the  furnace  and  in  the  interior 
of  the  column,  by  means  of  iron-constant  and  thermocouples  and  a  Leeds 
and  Northrup  potentiometer  indicator.  The  couples  in  the  column  were 
placed  before  the  column  was  cast,  a  special  device  being  used  to  hold  the 
couples  in  position  during  the  placing  of  the  concrete. 

In  all  tests,  the  working  load  of  the  column  was  kept  on  the  column 
during  the  fire  test.  The  load  was  increased,  at  the  finish  of  the  fire 
test,  up  to  the  ultimate  strength  of  the  column  or  to  the  capacity  of  the 
test  apparatus.  If  the  column  withstood  the  600,000  lb.  load,  it  was 
permitted  to  cool,  transferred  to  the  10,000,000  lb.  machine  and  tested  in 
that. 

The  firing  of  the  furnace  was  regulated,  as  closely  as  possible,  to  con- 
formance with  the  standard  time-temperature  curve  which  has  been 
adopted  for  general  use  in  the  control  of  fire  tests.2 

Position  of  Steel — Assumptions  as  to  Effective  Areas. 

In  all  columns  having  reinforcement,  the  latter  was  placed  so  as  lo 
leave  a  thickness  of  IV2  in-  of  concrete  outside  the  steel.  The  effective 
diameter  in  spirally  reinforced  columns  was  taken  as  the  horizontal 
distance   between   centers    of   the   spiral   steel.      Vertical   rods   in   columns 


3  Proc.  A.   S.  T.   M.   1917  Report  of  Committee  on   Fireproofing,   p.   296. 
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having  only  vertical  reinforcement  were  placed  at  the  same  distance  from 
the  outside  of  the  column  as  the  vertical  rods  in  spirally  reinforced  col- 
umns, the  effective  diameter  being  assumed  to  be  the  same  as  that  for 
spirally  reinforced  columns  of  the  same  size.  In  the  square  columns,  the 
vertical  rods  were  placed  at  the  same  distance  from  the  surface  of  the 
concrete  as  in  the  round  ones  and  the  effective  area  was  taken  as  that 
portion  within  a  square  with  its  sides  located  5/32  in.  beyond  the  outside 
of  the  rods  to  correspond  with  the  criterion  followed  in  calculating  the 
effective  area  of  spirally  reinforced  round  columns. 

Test  Data  of  Table  I — 18-in.  Spirally  Reinforced  Columns. 

The  outstanding  feature  of  the  data  given  in  this  table  is  the  great 
contrast  between  the  columns  made  from  gravels  of  high  quartz  or  high 
granite  content  and  those  from  limestone  aggregates,  including  the  Elgin 
gravel,  of  which  dolomitic  limestone  pebbles  constituted  approximately  00 
percent.  The  Pittsburgh  gravel  is  a  mixed  gravel  containing  a  small  per- 
centage of  pure  quartz  pebbles  and  a  much  larger  proportion  of  pebbles  of 
sandstone  and  of  other,  harder  rock,  all  appearing  to  be  high  in  quartz. 
The  "Pure  quartz  gravel"  in  columns  42  and  43  was  from  Long  Island ; 
it  was  made  up  almost  entirely  of  smooth,  nearly  white  pebbles,  fairly 
well  graded  as  to  size.  The  so-called  "Cow  Bay  Gravel"  was  comprised 
mainly  of  three  kinds  of  pebbles.  There  was  a  large  proportion  of  large 
pebbles  of  coarse-grained  granite  and  a  considerable  proportion  of  large 
pebbles  of  gneiss.  Most  of  the  other  pebbles  were  of  quartz.  The  Elgin 
gravel  was  composed  of  approximately  00  percent  of  pebbles  of  dolomitic 
limestone,  together  with  a  mixture  of  pebbles  of  other  types  of  rock.  It 
will  be  noted  that  six  of  the  eight  fire-tested  columns  from  the  first  three 
types  of  gravel  failed  under  the  working  load  before  the  end  of  the  four- 
hour  fire  test;  of  the  remaining  two  columns  made  from  the  Pittsburgh 
gravel,  one,  No.  2,  failed  under  the  working  load  after  the  fire  test  had 
gone  four  hours  and  fifteen  minutes,  and  the  other.  No.  3,  tested  by  increas- 
ing the  load  at  the  end  of  the  four-hour,  fire  test,  failed  at  a  load  approxi- 
mately 40  percent  higher  than  its  working  load,  but  at  a  load  of  only 
approximately  20  percent  of  that  withstood  by  Nos.  5  and  75,  which  were 
tested  without  fire  test. 

On  the  other  hand,  all  the  lire-tested  columns  made  from  high  lime- 
stone aggregates,  including  the  dolomitic  gravel  and  the  high  calcium 
crushed  limestone,  were  capable  of  withstanding,  while  hot,  at  the  end  of 
the  four-hour  fire  test,  the  maximum  load  of  the  furnace  loading  equip- 
ment, 3480  lb.  per  sq.  in.  of  effective  area.  Columns  from  these  two 
limestone  aggregates,  when  tested  cold,  after  the  four-hour  fire  test  and  the 
load  test  in  the  furnace,  showed  an  ultimate  strength  approximately  90 
percent  as  high  as  similar  columns  tested  without  fire  test.  The  columns 
made   from   blast   furnace   slag   and   from  trap   rock   showed   an   ultimate 
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Table  I. 

18-in.  cylindrical  columns. 

Thickness  of  concrete  outside  the  steel,  \\  in. 

Reinforcement:  2  per  cent  vertical,  8  round  rods,  f  in.  diam. 

1  per  cent  spiral,  5/16  in.  diam.,  2  in.  pitch,  2  spacers. 
Effective  area  of  concrete,  168.7  sq.  in. 
Area  of  vertical  steel,  3.53  sq.  in. 
Effective  area  of  column,  172  sq.  in. 
Working  load,  822  lb.  per  sq.  in. 


Aggregate. 


Pittsburgh  gravel . 
Pittsburgh  sand .  . 


Pure  quartz  gravel f 

Long  Island  sand \ 

Cow  Bay  gravel ! 

Cow  Bay  sand \ 

Elgin  (III.)  gravel 

Elgin  (111.)  sand 

West  Winfield  (Pa.)  limestone 
Pittsburgh  sand 

Blast  furnace  slag 

Pittsburgh  sand 

New  Jersey  trap  rock 

Pittsburgh  sand 


Column 
Number, 


Age  at 

Time  of 

Test. 


Mo. 


Days. 


Stress  at  Max- 
inum  Load, 
lb.  per  sq.  in. 


Without 
Fire 

Test. 


6,340 


5,620 

6,890 

4,870 


At 
End 

of 
4-hr. 
Fire 
Test. 


Tested 
Cold 
after 
4-hr. 
Fire 
Test. 


1,145 


1,003 
2,120 


2,700 
2,260 


2.420 
3,000 


4,440 

5,240 


4,770 
5,320 


Maximum  Temperature 

at  End  of  Fire  Test. 

deg.  C. 


At 

Depth 

of 

Vertical 
Rods. 


950 

1,050 

945 


780 


660 
605 


990 
990 


985 
1,000 


480 
520 


520 
560 


480 
465 


610 
560 


Midway 
between 

Steel 

and 
Center. 


410 
460 

355 


350 


275 
250 


240 
180 


85 
110 


190 

239 


At 
Center 

of 
Column. 


240 
290 
210 


150 


100 
105 


120 
100 


85 
100 


100 

no 


Column  No.    1  failed  under  working  load  at  end  of  3  hr.  45  min. 
Column  No.    2  failed  under  working  load  at  end  of  4  hr.  15  min. 
Column  No.  73  failed  under  working  load  at  end  of  3  hr.  50  min. 
Column  No.  74  failed  under  working  load  at  end  of  3  hr.  20  min. 
Columns  Nos.  77  and  78  had  expanded  metal  in  the  protective  concrete. 
Column   No.   42  failed  under  working  load  at  end  of  3  hr.  32  min. 
Column    No.   43  failed  under  working  load  at  end  of  3  hr. 
Column    No.   46  failed  under  working  load  at  end  of  3  hr.  37  min. 
Column    No.    47  failed  under  working  load  at  end  of  3  hr.  40  min. 
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strength  while  hot,  at  the  end  of  the  four-hour  fire  test,  approximately  50 
percent  as  great  as  columns  of  the  same  general  type  that  were  not  fire 
tested. 

Cause  of  Poor  Showing  of  Three  Types  of  Gravel. 

The  most  obvious  cause  of  the  unsatisfactory  results  obtained  from 
the  first  three  gravels  was  the  spalling  of  the  outer  concrete.  It  was 
characteristic  of  the  columns  made  from  these  aggregates  that  the  outer 
concrete  would  begin  to  show  evidence  of  destructive  stresses  within 
approximately  thirty  minutes  after  the  beginning  of  the  fire  test.  Cracks 
would  appear,  giving  the  column  the  appearance  of  a  column  that  was 
failing    under    compression.      Cracks    would    continue    to    appear    and    to 
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FIG.    1. — COLUMNS   PROTECTED   WITH   CONCRETE. 


lengthen  rapidly  until  they  intersected  other  cracks,  thus  dividing  the 
outer  concrete  into  large  slabs  which  gradually  separated  from  the  rest 
of  the  column  so  that  after  approximately  one  hour  of  firing,  slabs  would 
begin  to  fall,  exposing  the  spiral  reinforcement  and  the  load  bearing  por- 
tion of  the  concrete  to  the  direct  heat  of  the  furnace.  It  is  obvious  that 
a  column,  stripped  of  its  protection  within  the  first  hour  of  a  four -hour 
fire  test,  could  not  be  expected  to  compare  favorably  with  columns  which 
retained  the  protective  concrete.  The  high  temperatures  attained  in  the 
steel  and  in  the  interior  of  columns  affected  in  this  way,  by.  the  spalling 
of  the  outer  concrete,  is  consistent  with  their  comparatively  rapid  loss  of 
strength  in  the  fire  test. 

In  the  fire  tests  of  columns  made  from  the  other  aggregates  included 
in  the  investigation  there  was  no  spalling  and  no  cracking  of  importance. 
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It  will  be  noted  that  the  results  from  columns  77  and  78  are  dis- 
tinctly better  than  those  from  the  other  columns  made  from  the  Pittsburgh 
gravel.  This  was  due  to  the  fact  that  a  light  grade  of  expanded  metal  was 
imbedded  in  the  outer  concrete  of  these  columns  to  prevent  its  spalling  and 
falling  off.  When  these  columns  were  exposed  to  the  fire  test,  the  same 
tendency  to  spall  was  observed  as  in  similar  columns  without  the  ex- 
panded metal.  Slabs  separated  from  each  other  and  to  some  extent  from 
the  rest  of  the  column,  but  very  little  material  actually  fell  away.  The 
column  received  a  large  part  of  the  protection  which  it  would  have  received 
had  there  been  no  spalling,  as  is  shown  by  comparing  the  temperatures 
attained  in  the  steel  of  these  columns  with  those  attained  in  the  other 
columns  given  in  this  table. 

Test  Data  of  Table  II — 18-in.  Columns  Without  Spiral  Reinforcement. 

In  the  fire  tests  of  the  gravel  columns  included  in  this  table  there 
was  much  less  spalling  than  in  tests  of  hooped  columns  from  the  same 
aggregates.  The  behavior  of  the  cylindrical  columns  without  spiral  rein- 
forcement indicates  that  concrete  of  a. type  which  has  a  tendency  to  spall 
will  spall  much  worse  in  columns  with  spiral  reinforcement  than  in  col- 
umns of  the  same  form  without  the  spiral.  In  columns  without  spiral  steel 
the  breaking  up  of  the  outer  concrete  was  a  much  more  gradual  process 
than  in  spirally  reinforced  columns  from  the  same  aggregate  and  the 
proportion  of  protective  concrete  that  actually  fell  away  from  the  column 
was  relatively  small.  The  explanation  which  naturally  suggests  itself  to 
account  for  this  fact  is  that  the  spiral  reinforcement  makes  a  more 
definite  separation  between  the  column  proper  and  the  protective  concrete 
than  is  made  by  the  vertical  reinforcement  and  its  ties,  without  the  spiral. 
It  should  be  taken  into  consideration,  however,  that  the  working  load 
carried  by  the  columns  without  spiral  reinforcement  was  much  lower  than 
that  carried  by  columns  which  had  it  and  that  the  lower  working  load 
may  have  been  a  contributing  factor  to  the  reduction  in  spalling.  It  will 
be  observed  that  the  temperatures  attained  in  the  gravel  concrete  columns 
in  Table  II,  while  higher  than  those  in  the  limestone  columns,  are  lower 
than  in  those  made  from  the  same  types  of  gravel  in  Table  I.  This  was 
obviously  due,  in  large  measure,  to  the  fact  that  a  comparatively  small 
part  of  the  protective  value  of  the  outer  concrete  was  lost  in  the  columns 
without  spiral  steel,  in  Table  II,  whereas  the  hooped  columns  in  Table  I 
went  through  a  large  part  of  the  fire  test  without  any  protection  whatever. 
Likewise,  while  the  differences  between  the  temperatures  attained  in  the 
gravel  concrete  columns  in  Table  II  and  the  corresponding  limestone  col- 
umns is  attributable  mainly  to  the  fact  that  these  gravel  columns  lost  some 
portions  of  the  outer  concrete,  whereas  the  limestone  columns  lost  none 
whatever;  yet  this  should  not  be  regarded  as  a  true  measure  of  the  amount 
of  protective  concrete  lost  by  the  gravel  concrete  columns  during  the  fire 
i"  t.     The  temperatures  attained  in  the  gravel  columns  would  be  somewhat 
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higher  than  those  attained  in  limestone  columns,  even  though  all  the  pro- 
tective material  remained  in  place  in  both  cases.  This  statement  is  based 
on  a  study  of  the  data  of  this  investigation  and  also  on  the  findings  of  an 
earlier  investigation  of  thermal  properties  of  building  materials.3 

Column  No.  41  was  made  by  placing  tar  paper  around  the  outside  of 
the  reinforcement  and  pouring  gravel  concrete  inside  the  tar  paper,  at  the 

Table  II. 

18-in.  cylindrical  columns. 

Thickness  of  concrete  outside  the  steel,  li  in. 

Reinforcement:  2  per  cent  vertical,  8  round  rods,  f  in.  diam.    Ties  \  in.  diam.,  12  in.  centers. 

Effective  area  of  concrete,  168.7  sq.  in. 

Area  of  steel,  3.53  sq.  in. 

Effective  area  of  column,  172  sq.  in. 

Working  load,  99,750  lb.  =  580  lb.  per  sq.  in. 


Aggregate. 


Pittsburgh  gravel  

Pittsburgh  sand 

Cow  Bay  gravel 

Long  Island  sand 

West  Winfield  (Pa.)  limestone 

Pittsburgh  gravel  in  load  bearing 
portion.  Bituminous  cinders  in 
protective  concrete.  Pittsburgh 
sand  throughout 


Column 

Number. 


Age  at 

Time  of 

Test. 


Mo. 


Days. 


20 


Stress  at  Max- 
imum Load, 
lb.  per  sq.  in. 


Without 
Fire 
Test. 


4,660 


4,290 


At 
End 

of 
4-hr. 
Fire 
Test. 


1,365 
1,320 


1,336 
872 


2,150 
2,180 


1,900 


Maximum  Temperature 

at  End  of  Fire  Test, 

deg.  C. 


At 

Midwav 

Depth 

between 

of 

Steel 

Vertical 

and 

Rods. 

Center. 

1,010 

310 

630 

270 

700 

310 

280 

320 

580 

240 

580 

230 

530 

200 

At 

Center 

of 

Column. 


210 
130 
180 


130 
160 


100 
100 


110 


*  Column  No.  7,  after  five-hour  fire  test,  was  loaded  to  failure.     Maximum  stress,  1075  lb.  per  sq.  in. 


same  time  filling  the  space  between  the  paper  and  the  form  with  cinder 
concrete  from  bituminous  cinders.  In  the  fire  test,  the  cinder  concrete  shell 
cracked  extensively  but  stayed  in  place.  The  temperatures  attained  show 
that  the  protection  afforded  the  column  was  good,  compared  with  that 
obtained  with  other  kinds  of  concrete  as  shown  in  Tables  I  and  II.  Diffi- 
culty was  experienced  in  making  this  column  and  it  does  not  seem  prob- 
able that  such  a  type  is  likely  to  come  into  use. 


3  A  Comparison  of  the  Heat  Insulating  Properties  of   Some  of  the   Materials  Used 
in   Fire-Resistive  Construction.      Bureau  of    Standards   Technologic   Paper    130. 
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Test  Data  of  Table  III. — 18-in.  Plain  Columns. 

Plain  columns  were  not  made  from  any  other  aggregate  than  the 
Pittsburgh  gravel.  In  the  fire  tests  the  spalling  tendency  of  concrete 
from  this  gravel  was  in  evidence,  the  action  being  less  rapid  and  less 
extensive  than  in  spirally  reinforced  columns  from  the  same  aggregate,  but 
somewhat  faster  and  more  extensive  than  in  corresponding  columns  with 
vertical  reinforcement  but  no  spiral.  It  is  noteworthy  that  these  plain 
columns  made  a  better  average  showing  than  spirally  reinforced  columns 
from  the  same  aggregate.  The  working  load  was  of  course  much  lower, 
and  this  appears  to  have  been  more  than  sufficient  to  compensate  for  the 
value  of  the  steel  in  spirally  reinforced  columns  at  the  high  temperatures 
which  were  attained. 

Table  III. 

18-in.  cylindrical  columns. 

Thickness  of  concrete  considered  as  protective  material,  H  in. 

Reinforcement,  none. 

Effective  area,  180  sq.  in. 

Working  load,  81,000  lb.  =  450  lb.  per  sq.  in. 


Column 

Number. 

Age  at                Stress  at  Max- 
Time  of                imum  Load, 
Test.                  lb.  per  sq.  in. 

Maximum  Temperature 

at  End  of  Fire  Test, 

deg.  C. 

Aggregate. 

Mo. 

Days. 

Without 
Fire 
Test. 

At 
End 

of 
4-hr. 
Fire 
Test. 

At 

2Jin. 

from 

Surface. 

At 

5f  in. 

from 

Surface. 

At 
Center 

of 
Column. 

12 
14 
15 

7 
9 
7 

10 
23 
10 

3,650 

835 

1,070 
950 

450 
240 

205 

120 

'  Column  No.  14  failed  under  working  load  at  end  of  3  hr.  45  min. 


Test  Data  of  Table  IV. — 16-in.  Square  Columns. 

In  the  data  of  this  table,  the  effect  of  the  spalling  tendency  of  the 
concrete  from  two  types  of  gravel  is  exceedingly  plain.  Spalling  took 
place  more  rapidly  and  extensively  in  the  square  columns  than  in  round 
ones  having  vertical  reinforcement  without  spiral,  but  was  not  as  destruc- 
tive as  in  spirally  reinforced  columns.  In  the  fire  tests  of  the  square 
columns  made  from  gravel  aggregates,  there  was  a  strong  tendency  for 
that  portion  of  the  corners  of  the  column  outside  of  the  vertical  rods  to 
split  off  or  split  loose  and  in  course  of  time  to  fall  away  from  the 
column.  In  the  latter  part  of  the  test,  deep  cracks,  approximately  vertical, 
opened  in  the  sides  of  the  columns.  While  the  spalling  action  was  more 
rapid  and  more  destructive  in  the  square  gravel  columns  than  in  the 
round  ones  without  spiral,  the  fact  that  these  square  columns  gave  some- 
what better  results  than  corresponding  spirally  reinforced  columns  should 
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not  be  lost  sight  of;  the  fact  should  be  emphasized,  in  addition,  that  in 
the  fire  tests  of  the  square  columns  from  trap  rock,  limestone  and  blast 
furnace  slag,  there  was  no  spalling  at  all.  The  results  of  these  tests  do 
not  indicate  that  there  is  any  advantage,  in  point  of  fire  resistance,  in 
round  columns  over  square  columns,  except  in  the  case  of  aggregates 
which  show  a  tendency  to  spall. - 


Table  IV. 

16-in.  square  columns. 

Thickness  of  concrete  outside  the  steel,  \\  in. 

Reinforcement:  2  per  cent  vertical,  4  rods,  1  in.  diam. 

Ties  \  in.  diam.,  12  in.  centers. 
Effective  area  of  concrete,  156  sq.  in. 
Area  of  steel,  314  sq.  in. 
Effective  area  of  column,  159  sq.  in. 
Working  load,  92,000  lb.  =  578  lb.  per  sq.  in. 


Aggregate. 


Column 
Number. 


Age  at 
Time  of 

Test. 


Mo. 


Days. 


Stress  at  Max- 
imum Load, 
lb.  per  sq.  in. 


Without 
Fire 
Test. 


At 
End 

of 
4-hr. 
Fire 
Test. 


Maximum  Temperature 

at  End  of  Fire  Test, 

deg.  C. 


At 
Depth 

of 
Vertical 
Rods. 


At 
Center 

of 
Column. 


Pittsburgh  gravel J 

Pittsburgh  sand "j 

Pure  quartz  gravel I 

Long  Island  sand \ 

West  Winfield  (Pa.)  limestone. ...] 
Pittsburgh  sand 

Blast  furnace  slag 

Pittsburgh  sand 

New  Jersey  trap  rock 

Pittsburgh  sand 


5,030 

5,090 
4,700 

4,480 


1,005 
830 


2,360 
2,420 


2,278 
1,905 
1,855 


775 
995 


1,000 
1,000 


660 
630 


690 
770 


160 
165 


250 
280 


on 


Test  Data  of  Table  V — 12-in.  Spirally  Reinforced  Columns. 

The  fire  tests  of  the  12-in.  hooped  columns  made  from  Pittsburgh 
gravel  showed  the  same  spalling  tendency  as  the  18-in.  hooped  columns 
from  the  same  aggregate.  In  the  case  of  column  33,  the  outer  concrete 
broke  up  gradually  and  it  was  not  until  near  the  finish  of  the  four -hour 
fire  test  that  the  first  slab  fell  away  from  the  column.  At  the  end  of  the 
fire  test  only  a  small  percentage  of  the  column  proper  was  exposed.  In 
the  fire  test  of  column  35,  the  spalling  was  more  rapid;  a  large  portion 
of  the  surface  of  the  column  proper,  including  the  spiral  reinforcement, 
was  exposed  within  approximately  one  hour  after  the  beginning  of  the 
test.  The  early  failure  of  such  a  small  column,  after  being  stripped  of 
its  protection,  is  not  difficult  to  understand, 
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Cause  of  Spalling  of  Concrete. 

The  effect  of  spalling  has  been  shown  by  the  foregoing  data  and  dis- 
cussion. Good  results  have  been  obtained,  consistently,  from  certain 
aggregates  and  comparatively  poor  results  from  others.  In  most  cases,  a 
large  part  of  the  difference  in  behavior  between  columns  from  different 
aggregates  may  reasonably  be  attributed  to  the  loss  of  protection  and 
the  correspondingly  rapid  heat  penetration.  Observations  made  in  fire 
tests  during  the  process  of  spalling  give  the  impression  that  the  spalling 
is  due  to  destructive  stresses  in  the  outer  concrete.  The  spalling  action 
looks  like  local  failure  due  to  excessive  stress.  Expansion  stresses  unques- 
tionably exist  in  the  outer  concrete  of  columns  from  all  types  of  aggre- 

Table  V. 

12-in.  cylindrical  columns. 

Thickness  of  concrete  outside  the  steel,  1|  in. 

Reinforcement:  2  per  cent  vertical,  4  round  rods,  1  in.  diam. 

1  per  cent  spiral,  i  in.  diam.,  2j  in.  pitch,  2  spacers. 
Effective  area  of  concrete,  60.87  sq.  in. 
Area  of  vertical  steel,  1.23  sq.  in. 
Effective  area  of  column,  62  sq.  in. 
Working  load,  820  lb.  per  sq.  in. 


Column 
Number. 

Age  at 

Time  of 

Test. 

Stress  at  Max- 
imum Load, 
lb.  per  sq.  in. 

Maximum  Temperature 

at  End  of  Fire  Test, 

deg.  C. 

Aggregate. 

Mo. 

Days. 

Without 
Fire 
Test. 

At 
End 

of 
4-hr. 
Fire 
Test. 

At 
Depth 

of 
Vertical 
Rods. 

Midway 
between 

Steel 

and 
Center. 

At 
Center 

of 
Column. 

33 
35 

36 

7 
10 

7 

4 
5 
6 

4,840 

1,145 

690 

560 

480 

*  Columbus  No.  35  failed  under  working  load  at  end  of  2  hrs. 


gates,  when  under  fire.  Why  should  these  cause  spalling  in  certain  types 
of  concrete  and  not  in  others  ?  In  the  case  of  crushed  limestone  vs.  gravels 
made  up  of  smooth  pebbles,  it  may  be  suspected  that  the  crushed  lime- 
stone concrete  resists  the  expansion  stresses  better  than  the  smooth 
gravel  concrete  because  of  better  bond.  This  hypothesis  loses  probability, 
however,  in  the  light  of  the  fact  that  there  was  but  little  difference  in 
the  strength  of  the  concrete  from  these  two  aggregates  when  tested  cold, 
either  in  the  form  of  test  cylinders  or  of  full-size  columns.  Furthermore, 
concrete  from  gravel  composed  largely  of  limestone  pebbles,  columns  85 
and  86,  Table  I,  gave  results  which  clearly  class  it  with  limestone  aggre- 
gates rather  than  with  the  other  three  types  of  gravel  included  in  the 
investigation.  There  was  no  spalling  in  the  columns  from  this  limestone 
gravel  and  the  strength  at  the  end  of  the  four-hour  fire  test  was  higher 
than  that  of  columns  from  crushed  trap  rock  and  those  from  blast  furnace 
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slag.  Rounded  pebbles  of  one  mineralogic  type  sliowed  superiority  over 
crushed  rock  of  another. 

The  foregoing  evidence  indicates  that  the  tendency  of  some  types  of 
concrete  to  spall  and  of  other  types  not  to  spall  is  not  due  to  differences 
in  their  ability  to  resist  expansion  stresses.  We  must,  therefore,  con- 
sider the  magnitude  of  the  expansion  stresses  in  the  different  types  of 
concrete,  and  this  introduces  the  question  of  the  relative  expansion 
behaviors  of  different  mineralogic  types  of  aggregates  at  high  tempera- 
tures. Attention  has  been  called,  in  an  earlier  report 4  to  the  peculiarities 
of  the  expansion  of  quartz  and  of  granite. 

As  pointed  out  by  Woolson 6  the  cubical  expansion  of  quartz,  at 
ordinary  temperatures,  is  about  twice  that  of  feldspar,  which  is  one  of  the 
predominant  minerals  in  trap  rock.  Furthermore,  the  expansion  in  the 
direction  of  the  major  axis  of  the  quartz  crystal  is  only  about  half  that 
in  the  direction  of  the  axis  perpendicular  to  the  major  axis.  Recent 
investigation  of  the  volume  changes  of  minerals  at  high  temperatures  6 
has  brought  out  the  fact  that  when  quartz  is  heated  to  high  temperatures, 
a  sudden  expansion  of  relatively  great  magnitude  takes  place  when  the 
temperature  reaches  575°  C,  at  which  point  the  inversion  from  Alpha  to 
Beta  quartz  takes  place.  Beyond  the  inversion  point,  a  slight  contraction 
is  reported.  Granites  also  showed  sudden  expansion  of  great  magnitude 
at  575°  C.  It  is  also  stated  that  "About  575°  C.  granite  undergoes  a 
permanent  dilation  caused  by  the  shattering  effect  due  to  the  different 
expansion  co-efficients  of  its  minerals  and  to  the  escape  of  gases." 

An  expansion  curve  given  for  Sudbury  diabase,  which  is  similar  to 
the  Palisade  diabase,  commonly  called  trap  rock,  shows  a  gradual  increase 
of  volume  with  temperature,  the  magnitude  of  which  is  less  up  to  1000°  C. 
than  that  shown  for  quartz  and  for  one  of  the  granites  up  to  600°  C. 
No  data  were  given  applying  to  other  minerals  entering  into  concrete 
aggregates. 

The  sudden  expansion  of  great  magnitude  occurring  in  quartz  and 
granites  at  575°  C.  seems  sufficient  to  explain  the  spalling  of  concrete 
made  from  aggregates  in  which  these  minerals  predominate.  Stresses 
due  to  the  sudden  expansion  of  the  outer  concrete  before  the  inner  concrete 
reaches  the  temperature  at  which  this  sudden  expansion  takes  place  would 
be  of  an  entirely  different  order  of  magnitude  from  those  occurring  in 
concrete  from  an  aggregate  composed  mainly  of  minerals  which  do  not 
have  this  peculiar  expansion  property. 

In  case  the  temperature  of  the  outer  portion  of  the  load-bearing 
concrete  of  a  column  were  to  reach  the  temperature  of  575°  C.  the  stress 
on  this  portion  would  suddenly  be  increased,   in  concrete  made   from  the 


4  A  Comparison  of  the  Heat  Insulating  Properties  of  Some  of  the  Materials  Used 
in  Fire-Resistive  Construction.     Bureau  of  Standards  Technologic  Paper  No.   130,  p.   33. 

5  Investigation  of  the  Thermal  Conductivity  of  Concrete  and  the  Effect  of  Heat 
Upon  Its  Strength  and  Elastic  Properties,  by  Prof.  Ira  H.  Woolson,  A.  S.  T.  M.  S, 
190S  and  .6;  1906. 

6  The  Determination  of  Mineral  and  Rock  Densities  at  High  Temperatures,  by 
Day,  Sosman  and   Hostetter,  Am.  Jour,   Sci.,  37,   p.   1;   1914. 
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unfavorable  aggregates.  Such  stresses,  caused  by  the  unequal  expansion 
of  the  concrete  in  different  portions  of  the  column  proper,  may  be  regarded 
as  a  factor  contributing  to  the  relatively  poor  records  made  by  columns 
from  these  aggregates  in  cases  like  columns  8  and  9,  where  the  strength 
was  low  at  the  end  of  the  fire  test,  although  no  considerable  portion  of 
the  protective  concrete  had  been  lost  by  spalling.  It  must  be  taken  into 
account,  in  this  connection,  that  when  these  columns  were  fire  tested,  the 
expansion  of  the  column  as  a  whole  was  not  permitted  to  increase  the 
load  on  the  column.  At  the  beginning  of  the  test,  the  working  load  of 
the  column  was  applied  by  means  of  a  hydraulic  jack  operated  by  a  hand 
test  pump.  As  the  fire  test  proceeded  and  the  column  expanded,  oil  was 
let  out  of  the  jack  by  cracking  a  valve  at  the  pump  to  prevent  the  load 
from  increasing  on  account  of  the  increasing  length  of  the  column.  This 
valve  was  cracked  at  intervals,  the  frequency  of  which  depended  on  the 
rate  at  which  the  column  expanded. 

It  is  conceivable  that  in  a  fire  in  a  building,  the  stress  due  to  the 
increased  length  of  a  column  might  become  excessive.  It  is  true  that  if  all 
the  columns  on  each  story  of  a  building  were  heated  at  the  same  rate, 
during  a  fire,  so  that  all  increased  in  length  at  the  same  rate,  this  would 
not  be  the  case.  It  is  not  likely,  however,  that  such  a  condition  ever 
exists  in  an  actual  fire.  Fire  is  reasonably  sure  to  find  better  fuel  or 
better  draft  conditions,  or  both,  in  some  parts  of  any  story  than  in  others 
and  to  burn  fiercely  where  fuel  and  draft  permit.  The  columns  in  such 
portions,  becoming  heated  in  advance  of  columns  in  other  parts  of  that 
story,  would  exert  the  pressure  necessary  to  raise  a  portion  of  the  floors 
above.  In  order  to  accomplish  this,  these  columns  would  have  to  bend  the 
floor  structures  of  the  upper  floor.  The  restraint  of  the  floors  could 
account  for  the  failure  of  columns,  especially  of  those  made  from  aggre- 
gates of  high  quartz  or  granite  content,  even  in  fires  which  would  other- 
wise not  seem  severe  enough  to  cause  such  failure.  The  very  fact  that 
the  fire  was  especially  severe  in  but  one  portion  of  any  floor  might  cause 
the  failure  of  columns  and  of  contiguous  floor  structures  in  that  portion. 
Such  a  condition  may  account  for  failures  in  fires  which  do  not  seem, 
on  the  whole,  to  have  been  unusually  severe. 

Prevention  op  Spalling. 
The  obvious  method  for  the  prevention  of  spalling  and  of  related 
effects  of  excessive  expansion  is  the  elimination  of  aggregates  having  high 
quartz  or  granite  content  and  the  use  of  aggregates  which  produce  con- 
crete which  does  not  show  a  tendency  to  spall.  While  this  can  be  done 
economically,  in  many  localities,  there  are  other  localities  in  which  the 
only  materials  available  at  moderate  cost  for  concrete  aggregates  are  in 
the  spalling  class,  and  it  is  therefore  of  importance  to  devise  means 
whereby  the  safety  of  concrete  structures  in  which  such  aggregates  are 
used  can  be  enhanced.  Of  the  various  expedients  which  suggest  themselves 
in  this  connection,  three  methods  have  been  tried  in  this  investigation : 
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1.  Addition  of  other  protective  material,  over  the  concrete,  to  retard 
the  passage  of  heat. 

2.  Substitution  of  other  insulating  material  for  the  protective  con- 
crete. 

3.  The  use  of  light  reinforcement  in  the  protective  concrete. 

Table  VI. 

Cylindrical  columns. 

Diameter  increased  from  18  to  20  in.  by  plastering. 

Thickness  of  protective  material,  2i  in. 

Reinforcement:  2  per  cent  vertical,  8  round  rods,  f  in.  diam. 

1  per  cent  spiral,  5/16  in.  diam.,  2  in.  pitch,  2  spacers. 
Effective  area  of  concrete,  168.7  sq.  in. 
Area  of  vertical  steel  3.53  sq.  in. 
Effective  area  of  column,  172  sq.  in. 
Working  load,  822  lb.  per  sq.  in. 


Aggregate. 


Pittsburgh  gravel 

Pittsburgh  sand 

West  Winfield  (Pa.)  limestone 
Pittsburgh  sand 


Column 
Number. 


Age  at 

Time  of 

Test. 


Mo. 


Days. 


Stress  at  Max- 
imum Load, 
lb.  per  sq.  in. 


At 
End 

of 
4-hr. 
Fire 
Test. 


3,270 


Tested 
Cold 
after 
4-hr. 
Fire 
Test. 


5,970 
5,615 


6,050 


Maximum  Temperature 

at  End  of  Fire  Test, 

deg.  C. 


At 
Depth 

of 

Vertical 

Rods. 


375 
410 
460 

410 


Midway 
between 

Steel 

and 
Center. 


155 
160 


135 


At 
Center 

of 
Column. 


90 
110 


90 


*  Columns  Nos.  4,  6  and  19  were  given  the  additional  protection  of  1  in.  of  plaster  composed  of  portland 
cement  and  sand  with  a  small  percentage  of  lime  hydrate.  The  plaster  covering  was  reinforced  with  light 
expanded  metal. 

Column  No.  76  was  plastered  with  a  mixture  of  portland  cement  and  crushed  bitumiuouscinders, 
increasing  the  thickness  of  protective  material  from  li  to  2J  in.    No  metallic  binder  provided  for  the  plaster. 


Data  of  Table  VI. — Plaster  Over  Protective   Concrete. 

The  test  data  of  columns  4  and  6  show  the  effectiveness  of  additional 
insulating  material  over  the  concrete  of  columns  which  would  otherwise 
have  a  strong  tendency  to  spall  under  fire.  As  shown  in  Table  I,  all  the 
spirally  reinforced  columns  of  ordinary  construction  from  Pittsburgh  gravel 
spalled  in  the  fire  test  and  gave  results  that  were  extremely  poor  com- 
pared with  columns  from  made  non-spalling  aggregates.  To  columns  4  and 
6  was  added  1-in.  of  plaster  from  portland  cement  and  sand  with  a  small 
percentage  af  lime  hydrate.  Before  plastering,  the  column  was  covered 
with  a  light  grade  of  expanded  metal,  furred  out  about  y2  in.  In  the  fire 
test,  cracking  occurred  in  both  the  plaster  and  the  outer  concrete,  but  all 
the  material  stayed  in  place.  Both  columns  withstood  the  maximum 
furnace  load,  while  hot,  at  the  end  of  the  four-hour  fire  test,  and  showed 
ultimate  strength,  when  tested  cold,  after  the  fire  test,  but  slightly  lower 
than  similar  columns  that  had  not  been  fire  tested.     Column  19  was  pro- 
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tected  in  the  same  way.  This  being  a  limestone  column  and  one  of  a  group 
in  which  no  spalling  took  place  and  from  which  good  results  were  obtained 
without  additional  protection,  the  improvement  was  not  great. 

Column  76  was  plastered  with  1  in.  of  plaster  made  from  a  mixture 
of  portland  cement  and  bituminous  cinders  crushed  fine  enough  to  take 
the  place  of  sand.  No  metallic  reinforcement  was  used  to  hold  this  plaster 
in  place  and  a  large  part  of  it  came  off  in  the  course  of  the  fire  test.  The 
same  kind  of  plaster  was  tried  on  column  69-a,  Table  VII,  where  it  made 
a  better  showing. 

Test   Data   of   Tarle  VII. — Substitution   of   Plaster   for  Protective 

Concrete. 

While  the  addition  of  plaster  with  reinforcement  to  hold  it  in  place 
has  been  shown  to  be  extremely  effective  in  improving  the  behavior  of 
columns  of  a  type  which  spalls  under  fire  test  conditions,  this  expedient 
obviously  adds  to  the  cost  of  the  column.  Plaster  substituted  for  pro- 
tective concrete  would  not  increase  the  cost  so  much  and  the  expense 
would  be  still  further  reduced  if  the  reinforcement  could  be  omitted  from 
the  plaster.  A  number  of  columns  were  accordingly  made  for  the  purpose 
of  trying  this  expedient  with  different  kinds  of  plaster.  Some  of  the 
columns  were  made  in  the  usual  way,  except  that  smaller  forms  were 
used,  making  columns  16  in.  in  diameter  instead  .of  18  in.,  to  be  increased 
to  18  in.  by  plastering;  others  were  made  by  wrapping  ordinary,  diamond 
mesh  metal  lath  around  the  reinforcing  steel,  over  the  spiral,  wiring  it  in 
place  and  using  that  as  the  form.  No  serious  difficulty  was  experienced 
in  making  columns  in  this  way  without  the  usual  form ;  the  pressure  of 
the  mass  of  concrete  was  exerted  mainly  against  the  spiral  reinforcement, 
the  metal  lath  merely  retaining  the  material  which  came  through  the 
spiral.  With  a  consistency  as  wet  as  could  reasonably  be  attained  in 
hand  mixing,  the  quantity  of  wet  mortar  which  escaped  through  the 
metal  lath  was  not  important.  Considerable  poling  was  required  to  make 
the  concrete  fill  out  reasonably  well  against  the  lath. 

All  columns  were  plastered  by  the  trowel  method;  those  not  cast  in 
metal  lath  were  hacked  and  the  surfaces  of  all  columns  were  made  wet 
before  plastering.  A  thin  coat  of  very  rich  mortar  was  applied  to  the 
concrete,  and  followed  immediately  by  the  scratch  coat.  Columns  cast  in 
metal  lath  did  not  require  hacking  and  did  not  receive  the  bonding  coat 
of  rich  mortar. 

Columns  63,  66,  71  and  72  were  plastered  with  a  mixture  of  1  part 
portland  cement,  1/10  part  lime  hydrate  and  2%  parts  sand,  by  volume. 
In  the  fire  test,  the  outer  coat  of  plaster  invariably  showed  cracks  in  the 
first  few  minutes.  Cracks  extended  rapidly  and  bulging  of  the  outer 
plaster  was  usually  observed.  The  outer  plaster  of  the  columns  of  this 
group,  or  a  large  part  of  it,  fell  off  in  the  course  of  the  fire  test.  This 
took  place  more  rapidly  in  some  tests  than  in  the  others,  but  the  process 
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was  similar  in  all  and  appeared  to  be  caused  by  expansion  of  the  plaster 
itself  rather  than  by  pressure  from  steam  or  other  gas  from  within, 
although   one  or   more   unimportant   cases   were   observed   in   which   small 

Table  VII. 

18-in.  cylindrical  columns. 

Protective  material  applied  by  plastering. 

Reinforcement:  2  per  cent  vertical,  8  round  rods,  f  in.  diam. 

1  per  cent  spiral,  5/16  in  diam.,  2  in.  pitch,  2  spacers. 
Effective  area  of  concrete,  168.7  sq.  in. 
Area  of  vertical  steel,  3.53  sq.  in. 
Effective  area  of  column,  172  sq.  in. 
Working  load,  822  lb.  per  sq.  in. 


Column 
Number. 

Age  at 
Time  of 

Test. 

Stress  at  Max- 
imum Load, 
lb.  per  sq.  in. 

Maximum  Temperature 

at  End  of  Fire  Test, 

deg.  C. 

Aggregate. 

Mo. 

Days. 

At 
End 

of 
4-hr. 
Fire 
Test. 

Tested 
Cold 
after 
4-hr. 
Fire 
Test. 

At 
Depth 

of 
Vertical 
Rods. 

Midway 
between 

Steel 

and 
Center. 

At' 
Center 

of 
Column. 

Pittsburgh  gravel 1 

*63 
65 
66 
67 
71 
72 
88 
89 
90 
69-a 

9 
4 
4 
4 
4 
4 
4 
4 
5 

17 
26 
4 
22 
0 
0 

1 

1 

14 

1,770 
1,290 

* 

2,455 
1,280 
3,120 
1,885 
2,000 
3,200 

4,935 
5,345 

590 
440 
765 
185 
570 
780 
510 
685 
675 
520 

185 
220 
335 
95 
250 

245 

90 
100 
150 

90 
110 

175 

*  Column  No.  63  was  made  16  in.  in  diameter  and  plastered  with  a  mixture  of  portland  cement,  lime 
hydrate  and  sand,  increasing  its  diameter  to  18  in. 

Column  No.  65  was  made  16  in.  in  diameter  and  plastered  with  a  special  plaster,  containing  portland 
cement,  asbestos  and  sand,  increasing  its  diameter  to  18  in.  This  column  did  not  fail  at  the  end  of  the 
four-hour  fire  test  under  the  maximum  furnace  load,  3480  lb.  per  sq.  in. 

Column  No.  66  was  cast  in  a  form  made  by  covering  the  spiral  reinforcement  with  metal  lath  and  plastering 
on  the  metal  lath  with  cement  plaster. 

Column  No.  67  was  made  by  pouring  concrete  in  a  form  made  of  metal  wrapped  around  the  reinforcing 
steel.  Column  then  plastered  with  a  mixture  of  gypsum,  lime  and  kieselguhr.  Poultry  netting  used  for  binder 
in  plaster.  Total  thickness  of  protective  material,  lj  in.;  thickness  of  plaster,  approximately  1  in.  This 
column  did  not  fail  at  the  end  of  the  four-hour  fire  test  under  the  maximum  load  of  the  furnace  loading 
equipment,  3480  lb.  per  sq.  in. 

Column  No.  71  was  made  16  in.  in  diameter  and  plastered  with  a  mixture  of  cement,  lime  hydrate  and 
sand,  increasing  its  diameter  to  18  in. 

Column  No.  72  was  cast  in  a  form  made  by  covering  the  spiral  reinforcement  with  metal  lath.  Protective 
material  added  by  plastering  with  a  mixture  of  portland  cement,  lime  hydrate  and  sand. 

Column  No.  88  was  a  duplicate  of  No.  65. 

Columns  No.  89  and  90  were  cast  in  a  form  made  by  covering  the  spiral  reinforcement  with  metal  lath . 
Protective  material  added  by  plastering  with  a  mixture  of  lime  hydrate,  gypsum  and  sand. 

Total  thickness  of  protective  material,  If  in.  Thickness  of  plaster  approximately  1  in.  No  metallic 
binder  in  plaster. 

Column  No.  69-a  was  originally  cast  in  a  gypsum  form  (see  Table  VIII).  Column  was  subjected  to 
four-hour  fire  test  in  the  gypsum  form.  At  the  end  of  four-hour  fire  test,  did  not  fail  under  the  maximum 
furnace  load,  3480  lb.  per  sq.  in.  After  fire  test,  gypsum  form  removed  and  protective  material  added  by 
plastering  on  concrete  with  a  mixture  of  portland  cement  and  crushed  bituminous  cinders. 


portions  appeared  to  be  blown  off  by  steam.  In  these  four  columns,  the 
scratch  coat  remained  in  place  throughout  the  fire  test.  It  will  be 
observed  that  the  strength  of  columns  63  and  71  which  were  made  16  in. 
in  diameter,  in  a  steel  form  and  afterward  plastered  was  distinctly  better 
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than  that  of  Nos  66  and  72,  which  were  cast  in  metal  lath  and  afterward 
plastered.  It  will  be  noted,  also,  that  the  temperature  attained  in  the 
steel  in  the  four-hour  fire  test  was  considerably  higher  in  the  latter 
columns  than  in  the  former  ones.  These  differences  in  results  were  prob- 
ably due,  at  least  in  large  part,  to  the  fact  that  the  16-in.  concrete  column, 
with  its  scratch  coat,  maintained  a  greater  thickness  of  protective  material 
over  the  steel,  after  the  outer  plaster  had  fallen  off,  than  was  afforded  by 
the  scratch  coat  of  plaster  on  the  columns  cast  in  metal  lath  over  the 
spiral. 

Columns  65  and  88  were  made  and  protected  by  the  same  method  as 
Nos.  64  and  71,  by  plastering  on  16-in.  columns,  excepting  that  the  plaster, 
in  this  case,  was  made  from  a  special  mixture  which  is  used,  commercially, 
as  a  roofing  material.  It  is  composed  of  portland  cement,  sand  and 
Nalecode  compound.  The  Nalecode  compound  used  in  the  tests  was 
furnished  by  Paul  Mende,  of  New  York  City.  While  some  cracking  took 
place  in  the  plaster  on  these  columns,  in  the  course  of  the  fire  test,  the 
plaster  remained  in  place  and  afforded  the  column  reasonably  good  protec- 
tion, as  may  be  seen  from  the  test  data. 

Column  67  was  plastered  with  a  mixture  consisting  of  56  percent 
neat  gypsum  plaster,  24  percent  hydrated  lime  and  20  percent  kieselguhr, 
by  weight.  The  kieselguhr  used  was  a  grade  known  as  Sil-O-Cel  and  was 
furnished  by  the  Celite  Products  Co.  through  E.  J.  Deckman,  of  Pitts- 
burgh. The  column  had  been  cast  in  metal  lath,  covering  the  steel.  The 
plaster  was  put  on  in  three  coats,  followed  by  a  thin  finish  coat  of  gypsum 
and  hydrated  lime.  After  the  second  plaster  coat  was  applied,  the  column 
was  covered  with  light,  2-in.  mesh,  poultry  netting,  drawn  fairly  tight. 
The  third  coat  of  plaster  concealed  the  poultry  netting,  which  was  intended 
to  prevent  the  plaster  from  coming  off  in  the  fire  test.  In  the  fire  test, 
the  finish  coat  came  off  in  the  first  fifteen  minutes.  Cracks  were  observed 
to  form  in  the  third  coat,  which  contained  the  poultry  netting,  but  this 
coat  and  those  beneath  it  stayed  in  place  throughout  the  fire  test.  This 
plaster  mixture  was  one  that  was  selected  after  considerable  experimental 
work,  not  yet  published,  had  been  done  in  an  attempt  to  find  a  practical 
mixture  of  ordinary  commercial  materials  of  moderate  cost  which  would 
possess  insulating  qualities  superior  to  the  kinds  of  plaster  now  in  use. 
The  temperature  data  for  this  column  indicate  that  this  mixture  does 
possess  such  qualities.  Considering  the  extremely  good  protection  afforded, 
the  cost  of  such  plaster  can  hardly  be  regarded  as  excessive.  It  is  not 
probable  that  it  would  stay  in  place  satisfactorily,  through  a  fire  test, 
without  the  poultry  netting  or  other  binding  material.  Another  dis- 
advantage is  that  such  a  plaster  might  be  more  easily  damaged  by  rough 
usage  than  plasters  commonly  in  use. 

Columns  89  and  90,  cast  in  metal  lath,  were  plastered  with  a  mixture 
of  neat  gypsum  plaster,  hydrated  lime  and  sand  in  the  proportion  50:20:30 
by  weight.  The  mixture  was  selected  as  being  the  most  promising  one  of  a 
number  that  had  been  tried,  in  this  investigation  just  referred  to,  in  an 
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attempt  to  find  a  mixture  of  these  three  materials  in  which  neither  shrink- 
age nor  expansion  would  be  great  under  fire  and  which  would  give  good 
protection  to  a  column  without  requiring  any  special  binding  material  to 
hold  the  plaster  in  place.  The  difficulty  with  such  an  undertaking  is  that 
in  those  mixtures  in  which  the  expansion  of  the  sand  is  most  nearly 
balanced  by  the  shrinkage  of  the  other  ingredients,  expansion  is  shown 
by  the  plaster  in  the  first  few  minutes  of  firing,  followed  by  shrinkage 
after  that  time.  The  plaster  on  these  columns  cracked  and  fell  off  in  a 
manner  similar  to  that  described  for  plaster  from  the  mixture  of  portland 
cement,  lime  hydrate  and  sand  used  on  columns  63,  66,  71  and  72.  It  is 
probable  that  the  protection  afforded  by  the  plaster  used  on  columns  89 
and  90  would  have  been  fairly  satisfactory  if  metal  binding  material  had 
been  provided,  to  keep  the  plaster  in  place,  as  in  the  case  of  column  67. 

Column  69-A  had  originally  been  No.  69,  which,  as  shown  in  Table  VIII, 
was  cast  in  a  gypsum  form.  Since  this  column  withstood  the  maximum 
load  of  the  furnace  equipment  at  the  end  of  the  four-hour  fire  test,  and 
since  it  was  indicated  by  the  temperature  attained  that  the  column  was 
still  in  good  condition,  it  was  decided  to  use  it  for  the  testing  of  one  of 
the  plaster  mixtures.  The  column  was  accordingly  stripped  of  the  gypsum 
covering  which  was,  of  course,  damaged  by  the  fire  test,  and  plastered  with 
a  mixture  of  portland  cement  and  crushed  bituminous  cinders.  This 
plaster  showed  cracks  in  the  fire  test  but  stayed  in  place  and  gave  fairly 
good  protection,  as  shown  by  the  test  data.  It  should  be  noted  that 
plaster  from  cement  and  crushed  cinders  did  not  do  so  well  in  the  case 
of  column  76,  Table  VI. 

Columns  Cast  in  Gypsum  Forms. — Table  VIII. 

As  shown  by  the  description,  Table  VIII,  these  columns  had  protec- 
tive covering  2  19/32  in.  thick,  of  which  2  5/32  in.  was  the  thickness  of 
the  gypsum  forms  in  which  the  columns  were  cast.  These  forms  were  made 
in  hollow  cylindrical  sections  like  sewer  pipe  without  sockets.  The  ends 
were  so  formed  as  to  be  self-centering  and  the  sections  were  set  one  on 
another  to  the  required  height.  The  forms  were  made  in  the  laboratory 
from  "Structolite,"  which  was  furnished  by  the  United  States  Gypsum 
Co.  Other  columns,  not  given  in  this  table,  made  in  gypsum  forms  2Vo 
in.  thick,  had  demonstrated  that  such,  forms  would  give  good  protection 
for  approximately  two  hours  and  would  then  fall  off,  due  to  dehydration 
accompanied  by  shrinkage  and  loss  of  strength.  In  the  fire  test  of  column 
No.  60,  the  form  fell  away  from  the  column  after  the  test  had  gone  approxi- 
mately 1%  hours,  the  shorter  time  being  attributable  to  the  difference  in 
thickness.  Holes  7/16  in.  in  diameter  were  bored  through  the  sections 
for  the  form  of  column  No.  61  before  the  form  was  set  up  and  looped  wires 
were  placed  in  these  holes  with  their  ends  extending  inward  so  as  to  gain 
an  anchorage  in  the  concrete.  This  is  not  to  be  regarded  as  a  practical 
expedient,  but  was  done  to  make  use  of  forms  that  had  been  made  before 
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column  No.  60  was  tested.     This  anchored  form  remained  in  place  during 
approximately  three  hours  and  forty-five  minutes  of  fire  test. 

It  had  been  demonstrated  that  the  best  results  could  not  be  expected 
from  gypsum  covering,  in  long  fire  tests,  unless  some  anchorage  or  binding 
material  were  provided.  In  making  the  forms  for  columns  Nos  68,  69 
and  70,  metallic  binding  material  was  included.  Light-weight,  2-in.  mesh, 
poultry  netting  was  imbedded  in  part  of  the  sections  and  a  light  grade  of 
expanded  metal  in  the  others.  In  some  sections,  the  binding  material  was 
placed  close  to  the  inner  surface  of  the  form  and  in  others  it  was  placed 
near  the  middle  of  the  shell;  in  some  places  it  was  near  the  outer  surface. 

Table  VIII. 

Columns  cast  in  gypsum  forms. 

Thickness  of  form  2  5/32  in.    Total  thickness  of  protective  material,  2  19/33  in. 

Reinforcement:  2  per  cent  vertical,  8  round  rods,  f  in.  diam. 

1  per  cent  spiral,  5; IB  in.  diam.,  2  in.  pitch,  2  spacers. 
Effective  area  of  concrete,  168.7  sq.  in. 
Area  of  vertical  steel  3.53  sq.  in. 
Effective  area  of  column,  172  sq.  in. 
Working  load,  822  lb.  per  sq.  in. 


Column 
Number. 

Age  at 

Time  of 

Test. 

Stress  at  Max- 
imum Load, 
lb.  per  sq.  in. 

Maximum  Temperature 

at  End  of  Fire  Test, 

deg.  C. 

Aggregate, 

Mo. 

Days 

Without 
Fire 
Test. 

At 
End 

of 
4-hr. 
Fire 
Test. 

Tested 
Cold 
after 
4-hr. 
Fire 
Test. 

At 
Depth 

of 
Vertical 
Rods. 

Midway 
between 

Steel 

and 
Center. 

At 
Center 
of     ' 
Column 

Pittsburgh  gravel. . .  1 
Pittsburgh  sand. . . .  j 

-60 
61 
68 
69 
70 

2 
4 
4 
4 
4 

0 

7 
0 
2 

3 

6,480 

1,205 
2,800 

5,420 

810 
185 
305 
190 

260 
150 
95 
90 

90 
110 
85 
90 

*  No  anchorage  was  provided  for  the  gypsum  form  on  column  No.  60. 
Form  was  anchored  to  concrete  of  column  No.  61  by  means  of  wires. 

In  the  forms  for  Columns  Nos.  68,  69,  70,  light  metal  reinforcing  material,  poultry  netting  or  expanded 
metal  was  used. 


The  light  reinforcement  was  effective  in  all  sections,  the  poultry  netting 
apparently  serving  the  purpose  as  well  as  the  expanded  metal.  Observa- 
tions indicated  that  it  would  not  be  best  to  have  large  portions  of  such 
binding  material  placed  within  less  than  %  in.  of  the  outer  surface  of  the 
form. 

There  is  an  apparent  discrepancy  in  the  results  from  columns  61,  68 
and  69  in  that  No.  61  failed  at  a  lower  load  than  the  temperatures  attained 
would  Indicate  it  should  be  capable  of  carrying.  Column  68,  on  the  other 
hand,  gave  good  load  test  results  with  a  higher  temperature  in  the  vertical 
steel.  Some  allowance  should  be  made  for  the  fact  that  the  temperatures 
were  measured  in  the  vertical  steel  and  not  in  the  spiral  and  that  a  few 
minutes    were   required   to   make    the   load    test,    after    the    fire    test    was 
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completed.  Since  the  gypsum  covering  fell  off,  in  the  test  of  No.  61. 
fifteen  minutes  before  the  end  of  the  test,  the  spiral  steel  on  this  column 
was  undoubtedly  at  a  much  higher  temperature  when  the  load  test  was 
finished  than  that  indicated  in  the  vertical  steel  at  the  end  of  the  fire  test. 
The  protection  afforded  to  columns  68  and  69  was  good,  as  shown  by 
the  results  of  the  load  tests.  Column  69  has  already  been  referred  to, 
under  the  number  69-A,  Table  VII,  where  it  was  shown  to  have  made  a 
fairly  good  record  in  a  second  fire  test  after  the  gypsum  form  had  been 
removed  and  the  column  plastered  with  a  mixture  of  portland  cement  and 
crushed  cinders. 

Table  IX. 

20-in.  cylindrical  columns. 

Thickness  of  protective  concrete.  2^  in. 

Reinforcement:  2  per  cent  vertical,  8  round  rods,  %  in.  diam. 

1  per  cent  spiral.  5/16  in.  diam.,  2  in.  pitch,  2  spaeers. 
Effective  area  of  concrete,  168.7  sq.  in. 
Area  of  vertical  steel  3.53  sq.  in. 
Effective  area  of  column,  172  sq.  in. 
Working  load,  822  lb.  per  sq.  in. 


Column 
Number. 

Age  at 

Time  of 

Test, 

Stress  at  Max.- 
imum  Load, 
lb.  per  sq.  in. 

Maximum 
Temperature 
at  End  of 
Fire  Test 
deg.  C. 

Mo. 

Days. 

Without 
Fire  Test. 

At  End 

of  4-hr. 

Fire  Test, 

Tested  Cold 
after  4-hr. 
Fire  Test. 

At  Depth  of 
VerticalRods. 

f 
1 

Pittsburgh  gravel           1 
Pittsburgh  sand | 

*79 
80 
81 

82 
83 
84 

4 
4 
4 
4 
4 
4 

3 

1 

23 

3 

0 

11 

5,590 
5,155 

1,495    ■ 
1,640 

5,115 
4,950 

1,000 
960 

410 
450 

*  Columns  Nos.  79,  80  and  81  had  no  metallic  binder  or  reinforcement  in  the  protective  concrete. 
Columns  82,  83  and  84  had  a  light  grade  of  expanded  metal  in  the  protective  concrete. 


Columns  With  2y2  In.  of  Protective  Concrete. — Table  IX. 

On  account  of  the  unsatisfactory  results  obtained  from  columns  made 
from  gravels  high  in  quartz  content,  with  IV2  in.  of  protective  concrete,  a 
series  of  columns  was  made  with  2V2  in.  of  concrete  over  the  steel.  In  three 
of  these,  expanded  metal  was  placed  in  the  outer  concrete  to  prevent  its 
coming  off  by  spalling. 

As  in  the  case  of  other  spirally  reinforced  columns  from  similar 
aggregates,  evidence  of  spalling  was  visible  after  approximately  thirty 
minutes  in  the  fire  tests  of  columns  79  to  80.  There  was  this  important 
difference,  however:  in  the  spirally  reinforced  columns  with  iy2  in.  of 
protection,  the  outer  concrete  broke  up  into  slabs  which  were  bounded 
on  the  inside  by  the  hooping  itself  and  left  it  exposed  when  they  fell  off, 
whereas  in  these  columns  with  2%-in.  protection,  the  first  slabs  to  separate 
were  comparatively  thin,  so  that  when  they  fell,  a  considerable  thickness 
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of  concrete  still  remained  over  the  steel.  The  spalling  proceeded  some- 
what less  rapidly  in  these  columns  than  in  those  with  only  iy2  in.  of 
protective  concrete,  but  it  continued  throughout  the  test.  A  second  series 
of  slabs  proceeded  to  separate  after  the  falling  of  the  first  set  had  exposed 
new  areas  of  concrete  and,  after  approximately  two  hours  of  firing,  the 
spiral  began  to  be  exposed.  It  may  be  judged  from  the  temperatures 
attained  in  the  steel  that  the  superiority  of  the  record  made  by  these 
columns,  in  the  strength  test,  over  those  made  by  similar  columns  with 
l^-in.  protection,  is  attributable  to  lower  temperatures  in  the  interior 
concrete.  These  columns  were  not  exposed  so  early  in  the  burn  nor  so 
completely. 

Round  Co/umns 
Sfee/-  z'A,   verh'ca/,  /?.  ■s/o/ra/ 


ooo 
Prvtecfed  Ay 
fa  concrete 


Z '  py/>Sum  form 


JPt  c'mt    lon/psum.      (/'o/S/ama'  cement 
I  cinder?  /  "\  ///77e         /  j  darpt/  ewo' 
{A/ese/puAr  I  cjAes/os 


l  py/Kv/77 
"\//me.  0r7i/ 


FIG.    2. — COLUMNS   PROTECTED   WITH   VARIOUS   PLASTERS. 


Columns  82  and  83,  in  which  the  2^ -in.  covering  of  protective  con- 
crete was  tied  together  with  a  light  grade  of  expanded  metal,  were  observed 
to  develop  cracks  after  approximately  thirty  minutes  of  firing.  Cracks 
continued  to  form  and  to  widen  throughout  the  fire  test,  but  practically 
all  the  material  stayed  on  the  column  throughout  the  test.  The  low 
final  temperatures  and  high  ultimate  stresses  testify  to  the  effectiveness  of 
the  protection. 

The  expanded  metal  used  was  a  grade  known  as  "Floorbinder,"  which 
was  furnished  by  the  Consolidated  Expanded  Metal  Co.  Specifications 
for  this  material  are  as  follows:  Thickness,  16-gage  (U.  S.  Std.),  0.0625 
in.,  weight,  per  sheet  5  ft.  by  8  ft.  8  in.,  8  lb.  In  building  these  columns 
in  the  laboratory  the  reinforcement  was  set  up  first  and  the  expanded 
metal  placed  around  it  before  the  form  was  set  up.  The  expanded  metal 
occupied  approximately  the  middle  of  the  space  between  the  spiral  and  the 
form.     It  did  not  interfere  with  the  placing  of  concrete. 


Fire  Tests  or  Concrete  Columns. 


41 


Summary. 

The  results  obtained  in  this  investigation  indicate  that  concretes  may 
properly  be  divided,  with  respect  to  their  fire-resistive  properties,  into 
two  general  classes,  those  which  show  a  tendency  to  spall  when  exposed  to 
fire  and  those  which  do  not.  The  tendency  to  spall  depends  on  the  nature 
of  the  aggregate.  Concrete  made  from  three  types  of  gravel  showed  this 
tendency  strongly.  One  of  these  was  a  mixed  gravel  containing  a  large 
proportion  of  sandstone  pebbles;  another  was  composed  almost  entirely  of 
smooth,  nearly  white,  quartz  pebbles;  the  third  contained  a  large  pro- 
portion of  granite  and  gneiss  pebbles  with  a  small  proportion  of  quartz 
pebbles.     In  the  first  two  of  these  gravels  the  predominating  mineral  was 
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quartz.  In  the  third,  granite  predominated.  Attention  has  been  called 
to  the  peculiar  expansion  behavior  of  quartz  and  granite  at  high  tempera- 
tures, including  a  sudden  increase  in  volume  of  575°  C,  which  would  have 
a  strong  tendency  to  produce  exceedingly  high  stresses  in  large  masses  of 
concrete  when  heated  rapidly.  The  fact  that  spalling  did  not  take  place 
in  the  fire  tests  of  columns  from  trap  rock,  blast  furnace  slag,  limestone 
and  a  type  of  gravel  containing  approximately  90  percent  of  limestone 
pebbles  is  attributed  to  the  smaller  and  more  regular  rate  of  expansion  of 
the  mineral  constituents  of  these  aggregates. 

Some  spalling  was  observed  in  columns  of  all  types  made  from  the 
three  gravels  which  are  classed  as  spalling  aggregates,  but  was  more 
rapid  and  more  destructive  in  columns  with  spiral  reinforcement  than  in 
other  types.  Spirally  reinforced  columns  with  1%  in.  of  protective  con- 
crete lost  a  large  part  of  the  concrete  covering  so  early  in  the  test  that 


42  Fire  Tests  of  Concrete  Columns. 

most  of  these  columns  failed,  under  the  working  load,  before  the  end  of 
the  four -hour  fire  test.  Square  columns  without  spiral,  made  from  these 
aggregates,  spalled  badly.  Cylindrical  columns  without  spiral  spalled  less 
than  corresponding  columns  with  spiral  reinforcement.  Columns  made 
from  the  other  aggregates  enumerated  above,  including  a  limestone  gravel, 
did  not  spall  in  columns  of  any  type  included  in  the  investigation. 

The  loss  of  strength  in  the  four -hour  fire  test  of  columns  made  from 
non-spalling  aggregates,  as  determined  by  comparing  the  ultimate  strength 
of  the  column,  tested  hot,  at  the  end  of  the  fire  test,  with  that  of  a 
similar  column  not  fire  tested,  was  approximately  50  percent  in  most 
cases,  but  less  than  50  percent  in  spirally  reinforced  columns  made  from 
limestone  aggregate.  The  strength  records  are  better  for  columns  from  the 
limestone  aggregates,  including  the  limestone  gravel,  than  from  the  other 
aggregates.  The  poorest  records  made  by  columns  of  non-spalling  concrete 
show  an  ultimate  strength  nearly  three  times  as  high  as  the  working  load 
of  the  column;  in  a  considerable  number  the  ultimate  strength  at  the  end 
of  the  fire  test  was  more  than  four  times  the  working  load. 

Pittsburgh  gravel  concrete,  which  spalled  badly  in  spirally  reinforced 
columns  without  special  protection,  made  excellent  records  in  similar 
columns  covered  with.  1  in.  of  portland  cement  plaster  held  in  place  by 
imbedded  expanded  metal. 

Hooped  Columns  made  from  Pittsburgh  gravel  protected  by  l1/^  in.  of 
material  in  which  plaster  was  substituted  for  the  outer  inch  of  concrete 
made  widely  varying  records.  Plasters  included  the  following  combina- 
tions: Portland  cement,  lime  hydrate  and  sand;  portland  cement  and 
crushed  cinders;  gypsum,  lime  and  sand;  and  Nalecode  roof  mixture. 
Part  of  the  columns  so  protected  were  made  by  casting  the  concrete  in  the 
basket  farmed  by  the  column  reinforcement  covered  with  ordinary  diamond 
mesh,  metal  lath.  In  all  cases  the  scratch  coat  of  plaster  remained  in 
place  throughout  the  four-hour  fire  test.  The  outer  coats  of  plaster  from 
cement  and  sand  and  from  gypsum,  lime  and  sand  came  off,  starting  in 
the  early  part  of  the  test.  The  plaster  from  cement  and  crushed  cinders 
stayed  in  place  and  made  a  comparatively  good  record,  but  failed  to  do 
so  on  a  column  in  another  series.  The  Nalecode  roofing  mixture  remained 
in  place  on  both  columns  and  made  good  records. 

A  number  of  columns  were  cast  in  forms  built  up  of  hollow  cylindrical 
gyps ii in  sections,  the  total  thickness  of  protective  material  being  2  19/32 
in.  Gypsum  forms,  without  metallic  ties  of  any  kind,  did  not  stay  in  place 
satisfactorily  in  the  fire  test;  forms  with  either  expanded  metal  or  poultry 
netting  imbedded  in  the  gypsum  to  hold  it  in  place  gave  excellent  pro- 
tection to  columns  made  from  Pittsburgh  gravel  concrete. 

In  spirally  reinforced  columns  from  Pittsburgh  gravel,  2%  in.  of 
protective  concrete  was  found  to  give  better  protection  than  iy2  in. 
Spa ] ling  took  place,  but  the  material  did  not  come  off  as  rapidly  or  as 
completely  as   from   similar   columns  with   1^2   in-   of  protective   concrete. 
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The  results  were  not  as  good  as  from  columns  from  non-spalling  concrete 
with  \x/-2  in.  protection. 

Expanded  metal  embedded  in  the  outer  concrete  of  columns  from 
Pittsburgh  gravel  to  prevent  loss  of  protective  concrete  by  spalling  gave 
fairly  good  results  in  columns  with  iy2  in.  of  protective  concrete  and  made 
excellent  records  in  columns  from  the  same  aggregate  with  2%  in.  of 
protective  concrete. 

One  spirally  reinforced  column  made  from  Pittsburgh  gravel  concrete, 
on  which  the  outer  inch  of  the  1%  in.  of  protective  material  was  applied 
in  the  form  of  plaster  made  from  a  mixture  of  neat  gypsum  plaster,  lime 
hydrate  and  kieselguhr  (Sil-0-C'el) ,  gave  excellent  results  as  to  both 
heat  insulation  and  strength.  Poultry  netting  was  imbedded  in  the 
plaster  to  hold  it  in  place. 

Conclusions. 

One  of  the  primary  functions  of  an  investigation  of  this  sort  is  to 
supply  engineering  data  from  which  it  is  possible  to  determine  the  best 
methods  of  providing,  economically,  for  a  reasonable  factor  of  safety, 
in  respect  to  fire,  in  buildings  of  fire-resistive  construction.  A  full  dis- 
cussion of  the  application  of  the  data  supplied  by  this  investigation  to 
questions  involved  in  the  fire  protection  of  columns  would  necessarily  be 
long;  it  may  be  proper,  however,  to  call  attention  to  the  more  important 
points. 

It  may  be  assumed  that  the  factors  of  safety  employed  in  design 
are  only  such  as  are  regarded  as  necessary  to  amply  provide  for  the  various 
uncertainties  such  as  are  involved  in  engineering  calculations,  in  the 
quality  of  materials  and  in  methods  and  workmanship  in  the  construction 
of  buildings.  The  factors  of  safety  provided  by  allowable  working  stresses 
for  concrete  columns,  especially  where  governed  by  municipal  building 
codes,  are  intended  to  safeguard  buildings  against  a  number  of  uncer- 
tainties which  have  been  eliminated,  in  part,  by  the  improvement  in  the 
art  of  concrete  construction  and  by  the  entrance  of  a  considerable  number 
of  responsible  and  reliable  contracting  firms  into  this  field.  The  resulting 
factors  of  safety  are  so  ample  that  the  possibility  that  a  column  would 
fail,  under  actual  loading  conditions,  due  to  a  50  percent  reduction  in 
strength,  is  somewhat  remote.  Fire  tests  showed  that  columns  of  three 
important  types  made  from  concrete  which  did  not  spall  under  fire 
suffered  a  reduction  of  strength  not  exceeding  approximately  50  percent 
of  the  original  strength.  Therefore,  it  may  be  judged  that  columns  made 
from  concrete  which  does  not  spall  under  fire  and  provided  with  1%  in.  of 
protective  concrete,  uniformly,  over  the  reinforcement,  would  be  capable 
of  withstanding,  in  all  but  very  exceptional  cases,  an  extremely  severe 
fire  of  four  hours'  duration.  Considering  the  fact  that  reinforcement  is 
not  likely  to  be  centered  in  the  forms  with  the  same  accuracy  in  the  field 
as  in  the  laboratory,  the  adoption  of  a  2-in.  rather  than  a  1%-in. 
standard   for  this  thickness  would   seem  to   be   justified   for  construction 
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in  which  it  is  considered  necessary  to  provide  protection  against  severe 
fire  conditions  of  such  extremely  long  duration. 

It  may  be  concluded,  from  the  results  of  the  tests  in  which  spalling 
took  place,  that  the  provision  of  a  2-in.  thickness  of  protective  concrete 
over  the  steel  is  not  a  suitable  method  for  the  protection  of  columns  made 
from  concrete  which  is  likely  to  spall.  The  practice  of  providing  and 
depending  on  a  coating  which  is  likely  to  come  off  tinder  severe  fire  con- 
ditions is  not  justifiable.  The  use  of  a  light  grade  of  metal  reinforcement 
in  the  outer  concrete  has  been  shown  to  be  effective  in  reducing  the  loss  of 
material  from  columns  in  which  spalling  takes  place.  While  the  results 
from  such  columns  with  1%  in.  of  reinforced  protective  concrete  were 
not  as  good  as  those  from  columns  made  from  non-spalling  concrete,  with 
the  same  thickness  of  protective  concrete,  the  results  shown  by  columns 
made  from  concrete  having  a  tendency  to  spall,  with  2%  in.  of  outer 
concrete,  with  the  reinforcement,  indicate  that  2  in.  of  reinforced  protective 
concrete  should  provide  sufficient  protection  even  against  a  fire  of  four 
hours'  duration. 

Results  indicate  that  the  addition  of  1  in.  of  portland  cement  plaster, 
with  light  reinforcement  to  hold  it  in  place  would  be  a  satisfactory  safe- 
guard in  the  case  of  columns  already  made  from  concrete  with  a  tendency 
to  spall  and  protected  in  the  usual  way.  There  is  no  evidence  that  other 
kinds  of  plaster  would  not  serve  the  same  purpose  if  used  with  the  rein- 
forcement. 

The  problems  involved  in  the  possible  use  of  gypsum  forms  for  the 
making  and  fire  protection  of  the  columns  have  not  received  sufficient  con- 
sideration, as  yet,  to  justify  recommendations  in  regard  to  such  a  method. 
This  statement  applies  equally  to  the  possible  use  of  metal  lath  over  the 
reinforcement  to  provide  a  form  for  columns  which  are  to  be  plastered. 

While  no  recommendations  as  to  the  use  of  plaster  to  take  the  place 
of  protective  concrete  seem  to  be  justified  as  yet,  it  seems  probable  that 
this  method  may  be  found  economical  for  columns  made  from  concrete 
which  has  a  tendency  to  spall.  The  more  general  use  of  the  cement  gun 
may  be  expected  to  favor  the  adoption  of  this  method  after  a  more  thor- 
ough knowledge  of  the  fire-resistive  properties  of  different  kinds  of  plaster 
has  been  gained.  The  evidence  so  far  secured  indicates  that  the  most 
important  consideration  in  respect  to  a  plaster  is  whether  it  can  be 
depended  on  to  stay  in  place  under  fire  conditions.  Differences  in  heat 
insulating  properties  are  probably  of  secondary  consideration,  but  some 
attention  should  be  given  to  the  fact  that  good  results  can  be  obtained 
with  small  thicknesses  of  plasters  which  have  superior  heat  insulating 
properties. 

Progress  is  steadily  being  made  in  the  development  of  the  art  of  con- 
crete construction ;  sources  of  uncertainty  as  to  strength  in  concrete 
structures  are  being  at  least  partially  eliminated  and  the  logical  result 
will  be  the  use  of  higher  unit  stresses  in  design,  with  a  corresponding 
reduction    in   the   size   of   columns   for   a  given   load  requirement   and   an 


Fire  Tests  of  Concrete  Columns.  45 

increase,  in  many  cases,  in  the  importance  of  providing  against  loss  of 
strength  in  the  steel.  The  tendency  of  this  progress  is  to  make  the 
problems  of  safeguarding  concrete  columns  against  fire  more  nearly  like 
those  of  protecting  steel  columns,  and  the  importance  of  adequacy  and 
reliability  of  heat  insulating  covering,  to  keep  the  temperatures  low  in 
the  steel  and  the  load-bearing  concrete  will  be  increased.  In  the  interest 
of  economy,  careful  study  will  need  to  be  devoted  to  the  protection 
required  by  columns  and  other  members  of  concrete  structures  in  buildings 
of  different  classes.  The  fact  has  been  established,  beyond  reasonable  doubt, 
that  there  are  few  classes  of  occupancy  in  which  fire  approximating  in 
severity  the  conditions  represented  by  the  standard  fire  test  can  be  main- 
tained in  any  one  portion  of  a  building  of  fire-resistive  construction  for 
four  hours.  For  most  classes  of  buildings,  the  four-hour  fire  test  carries 
with  it  a  factor  of  safety,  in  itself,  which  may  be  justified  in  the  present 
state  of  our  knowledge,  but  which  may  properly  be  reduced  as  this 
knowledge  becomes  more  definite  and  comprehensive. 


DISCUSSION. 

Mr.  Montgomery. — It  seems  to  me  that  time  is  an  important  element 
in  such  tests  as  these.  During  the  past  month  or  so  I  have  had  occasion 
to  heat  up  small  samples  of  neat  cement,  T-in.  square  and  perhaps  %-in. 
thick  for  as  long  as  50  hours,  ranging  from  a  temperature  of  200°  up  to 
1050°  C,  or  about  1900°  F.  Over  that  entire  range  I  have  had  loss, 
which  means  that  something  is  decomposing;  in  this  case  it  would  be 
chiefly  water,  with  a  small  amount  of  carbon  dioxide.  If  we  have  only  a 
four-hour  fire  test,  it  means  that  we  have  only  gotten  to  the  exterior  layer 
of  that  concrete,  and  the  longer  the  fire  test  the  further  in  you  will  drive 
off  this  water  and  carbon  dioxide;  when  this  concrete  is  exposed  to 
moisture  the  moisture  will  react  with  the  concrete  and  loosen  it  up.  My 
reason  for  stating  this  is  that  the  samples,  after  they  were  heated  up  for  50 
hours,  were  then  placed  in  desiccators  over  water.  That  meant  that  we 
had  a  moisture-saturated  air  practically  carbon  dioxide  free,  because  the 
desiccators  were  small  and  what  carbon  dioxide  was  in  the  air  was  negligi- 
ble. The  samples  were  left  in  this  desiccator  for  one  week.  At  the  end  of 
that  week  one  of  these  samples,  I  believe  the  one  made  from  a  cement 
which  contains  aluminum  in  place  of  iron,  had  doubled  in  size,  and  was 
full  of  cracks.  The  slag  cement  had  increased  slightly  in  size  and  was  not 
so  full  of  cracks.     So  it  seems  to  me  that  the  time  factor  is  very  important. 

Mr.  E.  G.  Perrot. — In  reference  to  the  time  of  fire  test,  I  had  some 
experience  back  in  1906,  on  a  test  on  a  floor  system  with  columns  that 
failed  during  the  test,  due  to  several  causes,  one  of  which  was  the  fact  that 
the  concrete  was  too  green,  having  been  poured  in  the  winter  time  and  not 
having  had  the  proper  environment  to  cure  properly.  I  took  a  piece  of 
the  concrete  which  had  failed  under  the  fire,  which  was  very  brittle,  so 
brittle  that  it  could  be  crumbled  easily  in  the  hand,  and  set  that  on  the 
window  sill  of  my  office  for  about  six  months,  and  it  got  very  hard.  I  do 
not  just  recall  the  length  of  time  the  sample  was  in  the  fire,  but  it  was 
at  least  21/4  or  3  hours.  It  was  a  traprock  concrete  of  standard  mixture, 
and  I  have  always  felt  that  concrete  that  has  been  in  the  fire  will  absorb 
moisture  from  the  air,  or  if  water  is  applied  in  some  manner  afterwards, 
sufficient  to  regain  a  certain  amount  of  strength.  Just  what  the  strength 
will  be  we  had  no  way  of  determining.  One  of  our  buildings  did  go  through 
a  very  severe  trial,  and  one  column  was  subjected  to  very  severe  heat 
action  from  the  adjoining  frame  building,  which  burned  to  the  ground. 
The  contents  of  the  building,  a  glue  factory,  burned  out;  there  were  a  lot 
of  glue  racks  in  it,  and  the  glue  and  the  racks  burned  entirely  up,  and 
this  particular  column,  which  was  subjected  to  the  greatest  heat,  spalled 
on  the  edges.  It  was  a  square  column.  The  building  did  not  suffer  very 
much  from  the  fire,  and  the  remedy  to  repair  the  damage  was  simply  to 
wrap  the  column  with  a  mesh  of  wire  and  put  up  forms  and  pour  a  fire- 
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proof  jacket  about  2  in.  thick  around  the  column.  The  column  is  still 
there,  and  that  was  done  about  eight  years  ago. 

Regarding  the  laboratory  tests  just  mentioned,  I  do  not  think  we  can 
make  comparison  between  laboratory  tests  and  actual  field  practice  where 
the  buildings  have  been  subjected  to  an  ordinary  fire.  I  have  in  mind 
another  building  of  ours  which  went  through  a  fire.  The  top  story  con- 
tained japanning  ovens  of  a  very  inflammable  nature.  The  contents  were 
in  the  oven.  The  contents  burned  out  without  doing  any  damage  at  all  to 
the  concrete  structure. 

Mr.  S.  H.  Ingberg. — I  have  no  comment  to  make  on  the  general  sub- 
ject of  the  paper.  I  think  that  both  from  building  fires  and  from  tests 
concrete  with  properly  selected  aggregate  has  shown  a  high  degree  of  fire 
resistance.  There  is  one  point  I  would  like  to  call  attention  to;  I  think  it 
was  suggested  in  the  paper  that  building  columns,  as  now  designed,  have 
perhaps  an  over-ample  factor  of  safety,  and  while  I  do  not  discount  the 
possibility  of  improvement  in  the  manufacture  and  placing  of  concrete, 
I  doubt  that  the  present  experimental  data  give  ground  for  any  decided 
increase  in  unit  stresses  as  applied  to  columns.  In  the  first  place,  I  doubt 
that  our  testing  methods,  by  which  we  test  concrete  today,  bring  out  the 
actual  quality  of  the  material  as  used  in  the  structures,  and  laboratory 
tests  may  be  very  defective  in  that  respect.  Until  we  have  developed  tests 
that  more  nearly  do  so  the  grounds  for  increase  in  stress  are  necessarily 
not  very  valid. 

Mr.  Frank  Ginsburg. — I  may  say,  in  a  general  way,  that  water 
effects  in  relation  to  concrete  not  only  apply  to  columns  but  to  wall 
structures,  that  the  water  will  carry  away  the  portions  damaged  during 
the  fire,  that  if  you  have  little  fire  damage  you  have  little  water  damage, 
so  that  from  the  results  of  fire  tests  you  can  form  a  very  good  idea  what 
a  given  aggregate  will  do. 

Mr.  Perrot. — I  understand,  from  previous  tests  on  columns,  that  the 
best  reinforcement  for  a  column  was  cement;  in  other  words,  the  richer 
the  concrete  the  stronger  the  column.  Does  that  apply  in  a  fire?  In  other 
words,  does  a  rich  mixture  behave  better  in  a  fire  than  a  leaner  mixture? 
If  you  have  a  1  :  1  :  2  mixture  for  a  hooded  column,  will  it  behave  better 
than  a   1:2:4  mixture? 

Mr.  W.  A.  Hull. — We  have  kept  the  same  relation  throughout  the 
column  test,  but  in  a  previous  investigation,  where  a  cylinder  8  in.  in 
diameter  and  16  in.  long  was  tested,  we  had  two  mixtures,  a  1:2:4  and 
a  1:2:6,  and  there  was  not  a  great  deal  of  difference  in  the  apparent 
effect  of  the  fire,  although  the  leaner  mixture  made  a  somwhat  poorer 
showing  in  the  gravel  concrete  specimen  than  the  richer  mixture. 

Mr.  W.  A.  Hull  (by  letter). — While  Mr.  Montgomery  is  entirely  cor- 
rect as  to  the  importance  of  the  time  factor  in  connection  with  fire-resist- 
ance, it  may  be  regarded  as  a  safe  assumption  that  very  few  structural 
members  are  likely  to  be  subjected  to  a  severe  fire  exposure  of  mora  than 
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four  hours'  duration,  and  that  the  vital  question  is  what  takes  place  in 
the  first  four  hours  or  less. 

In  regard  to  Mr.  Perrot's  statement  as  to  the  comparisons  between 
laboratory  tests  and  fires  occurring  in  buildings,  there  is  no  question  that 
there  are  a  good  many  things  to  be  taken  into  consideration  in  making  such 
comparisons.  On  the  other  hand,  it  would  not  appear  that  there  is  neces- 
sarily any  discrepancy  between  the  facts  which  he  submits  on  the  perform- 
ance of  concrete  structures  on  which  he  has  made  observations  after  fires 
had  occurred  in  them  and  the  performance  of  the  columns  in  our  fire  tests. 
The  fact  that  we  can  break  a  column  with  a  hydraulic  jack  while  the 
column  is  still  hot,  at  the  end  of  a  four-hour  fire  test,  does  not  mean  that 
that  column  would  not  have  gone  through  a  severe  fire  in  a  building 
without  failure;  but  when  we  know  how  much  it  takes  to  break  it,  in  this 
condition,  and  how  much  it  takes  to  break  a  corresponding  column  that 
has  not  been  in  the  fire,  it  gives  us  information  as  to  how  much  weaker  a 
column  is  while  it  is  hot  than  it  was  before  it  was  subjected  to  fire. 

What  we  want  to  guard  against  are  failures,  and  the  failures  are  more 
likely  to  come  during  the  fire  than  before  or  after.  We  want  to  know 
how  much  a  given  column  has  to  go  and  come  on — how  much  of  a  factor 
of  safety  it  has — at  the  time  when  its  strength  is  at  the  minimum.  It  is 
not  possible  to  tell  much  about  that  by  field  observations  after  a  fire  is 
over,  and  it  is  not  possible  to  go  in  and  estimate  loads  and  measure  deflec- 
tions while  a  fire  is  going  on.  Field  observations  are  of  great  value,  but  they 
raise  questions  which  can  best  be  answered  in  the  laboratory. 

While  agreeing  with  Mr.  Ingberg  that  these  columns,  made  in  the 
laboratory,  under  carefully  controlled  conditions  and  with  approximately 
the  right  amount  of  water  for  maximum  strength  of  concrete,  should  not 
be  used  as  a  criterion  for  increasing  allowable  stresses  in  design,  the 
writer  does  believe  that  there  is  and  is  going  to  be  a  tendency  toward  bet- 
ter control  in  the  field.  Things  are  moving  rapidly  and  investigations 
of  this  sort  take  time;  it  seems  important,  therefore,  to  look  ahead  at  the 
probable  trend  of  our  fire-resistance  problems  so  that  our  conclusions  will 
have  a  tendency  to  increase  in  usefulness  as  time  goes  on  rather  than  to 
go  quickly  out  of  date. 


SPECIFICATIONS  FOR  THE  U.  S.  STANDARD  SIEVE  SERIES 
By  J.  C.  Pearson.* 

It  has  been  recognized  for  many  years  that  a  standardized  series  of 
testing  sieves  based  upon  some  definite  and  logical  succession  of  sieve 
openings  is  needed  in  the  testing  of  materials  and  for  many  industrial 
purposes.  The  W.  S.  Tyler  Co.,  Cleveland,  Ohio,  was  the  first  manufacturer 
to  undertake  the  production  of  a  series  of  testing  sieves  of  this  kind,  and 
the  development  of  the  now  well-known  Tyler  Screen  Scale  Sieves  has  been 
a  most  important  factor  in  facilitating  the  study  of  the  properties  of  finely 
divided  materials.  The  Tyler  Scale  f  is  based  on  a  series  of  openings  which 
form  a  geometric  series  starting  with  0.0029  in.,  the  opening  of  the  present 
standard  200-mesh  sieve,  and  having  the  square  root  of  2,  or  1.414,  as  the 
ratio.  The  point  to  which  attention  is  called,  however,  is  that  neither  the 
Tyler  series  nor  any  other  complete  series  of  testing  sieves  has  been  manu- 
factured under  published  specifications  which  include  definite  tolerances, 
or  allowable  variations  from  the  nominal  openings  and  wire  diameters. 

There  is  always  a  demand  for  certification  of  sieves  of  sizes  other  than 
those  included  in  the  present  standards,  and  the  Bureau  of  Standards  has 
received  in  the  past  many  communications  urging  that  something  be  done 
to  establish  standards  for  a  complete  series  of  testing  sieves.  In  conse- 
quence the  Bureau  has  devoted  a  considerable  amount  of  study  to  the 
requirements  of  various  industries  using  sieves,  and  has  consulted  the 
manufacturers  of  wire  cloth  as  to  the  desirability  of  different  screen  scales 
and  the  practicability  of  their  manufacture. 

To  consider  the  adoption  of  a  standard  series  of  testing  sieves,  a  con- 
ference was  called  at  the  Bureau  of  Standards  April  20,  1916,  of  representa- 
tives of  various  committees  of  the  American  Society  for  Testing  Materials, 
American  Society  of  Civil  Engineers,  American  Institute  of  Mining  Engi- 
neers, American  Foundrymen's  Association,  Mining  and  Metallurgical  Soci- 
ety of  America,  American  Water  Works  Association,  American  Institute  of 
Metals  and  the  American  Spice  Trade  Association;  also  representatives  of 
the  Committee  of  Revision  of  the  U.  S.  Pharmacopoeia,  the  U.  S.  Geological 
Survey,  the  U.  S.  Bureau  of  Mines,  the  U.  S.  Office  of  Public  Roads  and 
Rural  Engineering,  the  U.  S.  Office  of  Grain  Standardization  and  the  U.  S. 
Bureau  of  Standards;  also  representatives  of  a  number  of  private  firms 
engaged  in  industries  in  which  sieves  are  used  such  as  the  glass,  the  drug 
milling,  the  abrasive,  the  asphalt,  the  mining,  the  spice,  the  chemical,  and 
the  graphite  industries;  also  representatives  of  the  firms  in  this  country 
manufacturing  wire  cloth  and  sieves.     At  this  conference  three  different 
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series  of  testing  sieves  were  proposed,  one  of  which  was  the  existing  Tyler 
Screen  Scale  Series.  The  others  were  suggested  by  the  Bureau,  one  being- 
based  on  the  inch  opening,  the  other  on  the  millimeter  opening.  "  In  all  of 
these  the  openings  varied  by  the  fixed  ratio  of  the  square  root  of  2,  or  the 
fourth  root  of  2.  After  a  full  discussion  of  the  merits  and  defects  of  these 
three  series,  the  conference  voted  for  the  adoption  of  the  metric  series, 
subject  to  certain  revisions  which  would  more  nearly  include  the  sieves 
then  in  use  in  the  testing  of  road  materials.  These  revisions  were  subse- 
quently made,  and  the  series  was  adopted  by  letter  ballot. 

Before  any  move  was  made  toward  the  production  of  sieves  according 
to  the  proposed  specifications,  a  deluge  of  war  work  came  upon  the  Bureau, 
and  it  was  impossible  to  give  the  matter  any  continuous  attention  until 
early  in  1919.  In  the  meantime,  however,  some  study  had  been  given  to 
the  new  specifications,  and  it  was  found  that  in  the  endeavor  to  include 
existing  sieves  and  to  adhere  to  the  use  of  stock  sizes  of  wire  and  wire 
cloth,  very  considerable  deviations  from  the  series  of  openings  originally 
planned  had  been  introduced,  and  that  in  order  to  maintain  the  mesh  in 
the  approximate  multiple-of-ten  numbers  per  linear  inch,  the  wire  diameters 
were  in  many  cases  poorly  selected.  To  discover  what  improvement  might 
be  brought  about  in  the  relation  of  wire  diameters  to  openings  a  graphical 
method  was  very  conveniently  employed.  Since  a  sieve  is  completely  defined 
by  the  size  of  opening  and  the  size  of  wire,  a  diagram  was  made  by  plotting 
sieve  openings  horizontally  and  wire  diameters  vertically.  Any  given  sieve 
is  represented  on  such  a  diagram  by  a  single  point,  and  a  series  of  sieves 
by  a  series  of  points,  which  show  at  a  glance  the  regularity  of  the  ratios 
of  wire  diameters  to  openings.  Thus,  not  only  the  proposed  series  of  sieves 
but  all  the  sieves  in  actual  use  in  the  laboratory  were  first  plotted  in  this 
manner,  and  those  points  corresponding  to  sieves  which  were  known  from 
experience  to  have  either  undesirably  heavy  or  undesirably  light  wires 
were  marked  off.  A  smooth  curve  was  then  drawn  through  the  average 
positions  of  the  remaining  points,  and  from  this  curve  were  taken  off  new 
wire  diameters  corresponding  to  existing  sieve  openings.  From  subsequent 
conferences  with  manufacturers  it  was  learned  that  these  revised  wire 
diameters  were  more  suitable  for  weaving  the  several  grades  of  cloth  than 
those  commonly  employed  and  that  the  use  of  them  would  tend  to  improve 
the  uniformity  of  cloth.  It  was  learned  further  that  any  desired  size  of 
wire  was  as  easily  produced  in  the  wire  drawing  process  as  the  stock  sizes, 
and  that  a  special  reed  was  as  easily  constructed  as  any  other  reed  of 
similar  fineness.  In  short,  there  were.no  real  obstacles  to  the  manufacture 
of  wire  cloth  based  on  the  original,  mathematically  exact,  series  of  open- 
ings, woven  with  wire  that  was  most  suitable  for  the  purpose. 

In  view  of  the  foregoing  information  it  was  the  consensus  of  opinion 
among  the  several  sections  of  the  Bureau  of  Standards  concerned  with  the 
use  of  testing  sieves  that  the  1916  specifications  should  be  so  revised  as 
to  make  the  proposed  series  of  testing  sieves  as  nearly  ideal  as  practical 
limitations  would  permit.     It  was  also   suggested  that   the  term   "mesh" 
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be  abandoned  in  connection  with  the  proposed  sieves  as  superfluous  and 
misleading,  and  that  some  simpler  designation  than  the  decimal  size  of  the 
openings  be  selected  for  the  individual  sieves  that  would  indicate  their 
position  in  the  series  and  be  readily  carried  in  mind.  This  latter  sugges- 
tion was  very  easily  met  by  giving  each  sieve  an  arbitrary  number  which 
was  approximately  that  of  the  number  of  meshes  per  linear  inch  and, 
therefore,  familiar  to  all  users  of  sieves. 

The  abandonment  of  all  direct  reference  to  "mesh"  in  both  specifica- 
tions and  tolerances  was  unquestionably  a  step  in  the  right  direction,  since 
it  was  thus  possible  to  allow  considerable  latitude  in  the  choice  of  wire  and 
still  retain  the  desired  openings.  Revised  and  simplified  specifications 
embodying  the  proposed  changes  were  then  submitted  to  the  manufacturers 
for  approval.  There  were  found  to  be  no  objections  from  a  manufacturing 
standpoint,  and  thereafter  the  revised  specifications  were  resubmitted  to  the 
participants  in  the  original  conference,  and  to  others  who  were  known  or 
believed  to  be  interested  in  the  subject.  The  approval  of  the  revised  specifi- 
cations was  nearly  unanimous,  but  pending  the  action  of  a  number  of  com- 
mittees of  the  American  Society  for  Testing  Materials,  the  new  series  of 
sieves,  which  will  probably  be  referred  to  as  the  U.  S.  Standard  Sieve  Series, 
has  not  yet  been  formally  adopted. 

The  specifications  for  the  new  sieves  are  as  follows: 

Specifications  for  Sieves  of  the  U.  S.  Standard  Sieve  Series. 

Paragraph  1. — Wire  cloth  for  standard  sieves  shall  be  woven 
(not  twilled,  except  that  the  cloth  of  the  No.  230  (.062  mm.),  the 
No.  270  (.053  mm.),  and  the  No.  325  (.044  mm.)  sieves,  may  be 
twilled  until  further  notice)  from  brass,  bronze,  or  other  suit- 
able wire  and  mounted  on  the  frames  without  distortion.  To 
prevent  the  material  which  is  being  sieved  from  catching  in  the 
joint  between  the  cloth  and  the  frame,  the  joint  shall  be  smoothly 
filled  with  solder,  or  so  made  that  the  material  will  not  catch. 

Paragraph  2.- — The  opening  of  any  given  sieve  should  be  that 
given  in  Column  2  of  the  attached  table,  and  shall  not  differ  from 
this  amount  by  more  than  the  "Tolerance  in  average  opening" 
given  in  Column  6. 

The  diameter  of  the  wires  of  the  cloth  of  any  given  sieve 
should  be  that  given  in  Column  4  of  the  attached  table,  and  the 
average  diameter  of  the  wires  shall  not  differ  from  this  amount 
by  more  than  "Tolerance  in  wire  diameter"  given  in  Column  7. 

No  opening  between  adjacent  parallel  wires  shall  be  greater 
than  the  nominal  width  of  opening  for  that  sieve  by  more  than 
the  "Tolerance  in  maximum  opening"  given  in  Column  8  of  the 
attached  table. 

Paragraph  3. — The  Bureau  of  Standards  also  reserves  the 
right  to  reject  sieves  for  obvious  imperfections  in  the  sieve  cloth 
or  its  mounting,  as,  for  example,  punctured,  loose,  or  wavy  cloth, 
imperfections  in  soldering,  etc. 
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With  reference  to  the  accompanying  Table  I  it  will  be  noted  that  the 
complete  series  contains  31  sieves,  the  openings  having  the  fixed  ratio  of 
the  fourth  root  of  2,  or  1.189.  The  reason  for  having  so  many  sieves  is  to 
make  the  series  applicable  to  all  requirements,  and  it  is  not  expected  that 
any  one  industry  will  require  all  the  sieves.  There  has  been  no  attempt  to 
carry  the  series  beyond  the  No.  2%  sieve,  for  the  actual  sizes  of  openings 

Table  I. — U.  S.  Standard  Sieve  Series. 


Sieve 

Sieve 

Wire 

Wire 

Tolerance 
in. 

Tolerance 
in  Wire 
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(per  cent) 
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in 

Mesh 

Mesh 

Sieve 
No. 

Opening, 
(mm.) 

Opening, 
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Diameter, 
(mm.) 

Diameter, 
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Average 
Opening. 
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Opening. 
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cm. 
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in. 
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2^ 

8.00 

0.315 

1.85 

0.073 

5 

10 

1 

2.6 

3 

6.72 

0.265 

1.65 

0.065 

5 

10 

1.2 

3.0 

H 

5.66 

0 .  223 

1.45 

0.057 

5 

10 

1.4 

3.6 

4 

4.76 

0.187 

1.27 

0.050 

5 

10 

1  7 

4.2 

5 

4.00 

0.157 

1.12 

0.044 

5 

10 

2 

5.0 

6 

3.36 

0.132 

1.02 

0.040 

5 

10 

2.3 

5.8 

7 

2.83 

0.111 

0.92 

0.036 

5 

10 

2.7 

6.8 

8 

2.38 

0.094 

0.84 

0.033 

2 

5 

10 

3 

7  9 

10 

2.00 

0.079 

0.76 

0.030 

2 

5 

10 

3.5 

9.2 

12 

1.68 

0.060 

0.69 

0.027 

2 

5 

10 

4 

10.8 

14 

1.41 

0.0557 

0.61 

0.024 

2 

5 

10 

5 

12  5 

16 

1.19 

0.0468 

0.54 

0.021 

2 

5 

10 

6 

14.7 

18 

1.00 

0.0394 

0.48 

0.0187 

2 

5 

10 

7 

17.2 

20 

0.84 

0.0331 

0.42 

0.0165 

3 

5 

25 

8 

20.2 

25 

0.71 

0.0278 

0.37 

0.0146 

3 

5 

25 

9 

23.6 

30 

0.59 

0.0234 

0.33 

0.0129 

3 

5 

25 

11 

27.5 

35 

0.50 

0.0197 

0.29 

0.0113 

3 

5 

25     ■ 

13 

32.3 

40 

0.42 

0.0166 

0.25 

0.0098 

3 

5 

25 

15 

37.9 

45 

0.35 

0.0139 

0.22 

0.0085 

3 

5 

25 

18 

44.7 

50 

0.30 

0.0117 

0.188 

0.0074 

4 

10 

40 

20 

52.4 

60 

0  25 

0.0098 

0.162 

0.0064 

4 

10 

40 

24 

61.7 

70 

0.21 

0.0083 

0.140 

0.0055 

4 

10 

40 

29 

72.5 

80 

0.177 

0.0070 

0.119 

0.0047 

4 

10 

40 

34 

85.5 

100 

0.149 

0.0059 

0.102 

0.0010 

4 

10 

40 

40 

101 

120 

0.125 

0.0049 

0.086 

0  0034 

4 

10 

40 

47 

120 

140 

0.105 

0.0041 

0.074 

0.0029 

5 

15 

60 

56 

143 

170 

0.088 

0.0035 

0.063 

0.0025 

5 

15 

60 

66 

167 

200 

0.074 

0.0029 

0.053 

0.0021 

5 

15 

60 

79 

200 

230 

0.062 

0.0025 

0.046 

0.0018 

5 

15 

60 

93 

233 

270 

0.053 

0  0021 

0.041 

0.0016 

5 

15 

60 

106 

270 

325 

0.044 

0.0017 

0.036 

0.0014 

5 

15 

60 

125 

323 

Note. — In  order  to  utilize  cloth  now  on  the  market,  it  will  be  permissible,  until  notice  is  given  to  the 
contrary,  to  use  wire  whose  diameter  is  within  a  tolerance  of  10  per  cent  for  the  first  three  groups  and  20 
per  cent  for  the  last  two  groups. 


of  coarser  sieves  than  this  can  readily  be  determined  by  the  user.  The 
arbitrary  designation  numbers  were  selected  to  suggest  approximately  the 
number  of  meshes  per  linear  inch,  as  previously  explained.  The  sieves  fall 
naturally  into  five  groups,  seven  in  the  first  group  and  six  in  each  of  the 
others.  In  any  one  group  the  tolerances  are  the  same,  and  it  will  be  noted 
that  the  designation  numbers  can  readily  be  carried  in  mind  in  relation  to 
these  groups.  The  numbers  in  the  first  group  are  necessarily  irregular, 
but  run  up  to  No.  7,  which  is  the  number  of  sieves  in  that  group.     The 
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second  group  contains  the  successive  even  numbers  from  8  to  18,  the  third 
multiples  of  5  from  20  to  45,  and  the  fourth  and  fifth  multiples  of  10, 
which  are  easily  remembered. 

While  the  sieves  are  based  on  the  millimeter  opening  and  for  conveni- 
ence will  be  certified  in  metric  units,  it  need  make  little  difference  to  the 
manufacturer  or  user  whether  he  prefers  to  employ  the  metric  or  English 
dimensions.  For  ordinary  purposes  the  user  will  need  to  select  only  every 
other  sieve  or  every  fourth  sieve  in  the  series,  and  it  is  a  peculiarity  of  the 
series  that  every  fourth  sieve  beginning  with  the  first  will  give  even  multi- 
ples or  even  fractions  of  a  millimeter,  while  every  fourth  sieve  beginning 
with  the  second  will  give  approximately  even  fractions  of  an  inch.  Thus 
the  No.  3  sieve  has  an  opening  very  nearly  ^4  in.,  the  No.  6  sieve  an  opening 
very  nearly  %  in.,  and  so  on. 

It  is  another  peculiarity  of  the  series  that  the  subdivision  of  the  milli- 
meter happened  to  land  on  the  opening  of  the  present  standard  200-mesh 
sieve,  although  it  may  be  pointed  out  that  the  specified  tolerance  in  open- 
ing for  this  sieve  is  somewhat  different  from  that  in  the  existing  specifica- 
tions. In  fact  the  tolerances  in  the  new  specifications  may  have  to  be 
modified  somewhat  as  experience  with  the  new  sieves  accumulates.  As 
stated  in  the  note  accompanying  the  table,  a  larger  tolerance  in  wire 
diameter  will  be  permitted  until  it  has  been  established  that  this  is  no 
longer  necessary. 

The  accompanying  diagram  contains  a  plot  of  the  new  sieve  series, 
together  with  the  existing  standard  sieves,  and  also  the  sieves  of  the 
Tyler  Screen  Scale.  The  data  for  these  sieves  are  given  in  Tables  II,  III, 
and  IV.  As  previously  explained  the  wire  diameters  are  plotted  vertically 
and  sieve  openings  horizontally.  Since  the  tolerances  in  wire  diameters 
and  sieve  openings  are  definite  for  the  new  standard  series,  these  tolerances 
are  represented  on  the  diagram  by  dotted  rectangles.  Any  point  falling 
outside  these  rectangles  represents  a  sieve  which  would  not  meet  the  specifi- 
cations for  the  new  sieves,  but  it  is  to  be  noted  that  the  tolerance  rectangles 
are  based  on  the  data  given  in  the  table  and  not  on  the  larger  tolerances 
for  wire  diameter  as  given  in  the  footnote.  The  diagram  shows  very  clearly 
the  irregularities  in  the  wire  diameters  of  the  existing  standards  and  also 
in  the  Tyler  sieves. 

On  the  other  hand,  the  diagram  shows  that  the  great  majority  of  the 
sieves  here  plotted  come  within  the  tolerances  for  opening,  and  would, 
therefore,  be  usable  sieves  of  the  standard  series,  but  not  all  of  these  could 
be  certified  as  conforming  to  these  standards.  It  may  be  remarked  that, 
at  the  present  time,  little  is  known  of  the  effect  of  the  size  of  wire  on  the 
sieving  performance  of  sieves  having  the  same  size  openings,  except  that 
sieves  with  too  coarse  wire  become  badly  clogged  in  use,  and  those  having 
too  light  wire  are  more  easily  damaged.  It  is  hoped  that  tests  of  the  new 
sieves  in  comparison  with  existing  sieves  will  give  definite  information  on 
this  point.  ' 

In  conclusion  attention  may  be  called  to  the  fact  that  the  majority  of 
the  Tyler  Screen  Scale  sieves  nominally  conform  to  the  new  specifications. 


plot  or 
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Since  the  Tyler  openings  are  based  on  the  present  standard  200  sieve  open- 
ing, and  the  latter  is  included  in  the  new  series,  the  sieve  openings  in  the 
two  series  must  run  together,  and  this  is  clearly  shown  in  the  diagram. 
Some  of  the  wire  diameters  in  the  Tyler  sieves  differ  considerably  from 
those  of  the  new  standards,  enough  to  throw  out  four  or  five,  under  the 
present  tolerances.     The  Newark  Wire   Cloth  Co.,  Newark,   N.  J.,  which 

Table  II. — Standard  Sand  and  Cement  Sieves. 


Sieve  No. 

Sieve 

Opening. 

(in.) 

Wire 

Diameter. 

(in.) 

Tolerance 
in  Wire 
Diameter. 

20 

30 

100 

200 

0  0335 
0.0223 
0  0055 
0.0029 

0.0165 
0.0110 
0.0045 
0.0021 

±0.0005 
±0.0005 
±0.0003 
±0.0002 

(Taken  from  Bureau  of  Standards  Circular  39.) 

Table  III. — A.  S.  T.  M.  Standard  Sieves. 


Mesh  Designation 


,0... 

20 { 

30 | 

40 | 

50 | 

80 | 

100 | 

200 | 


Unit  of 
Measure. 


Actual 

Mesh. 


3.9 
9.9 


20.3 


12.0 
30.5 


16 
40  6 


31 
78.7 


39 
99.1 


79 
200.7 


Opening. 


0  200 
0.079 


0.085 
0.0335 


0.050 
0  0197 


0.036 
0.0142 


0.029 
0.0114 


0.017 
0.0067 


0  014 
0  0055 


0.0074 
0.0029 


Wire 
Diameter. 


0.056 
0.022 


0.040 
0.0157 


0.033 
0.0130 


0.026 
0.0102 


0.021 

0.0083 


0.015 
0.0059 


0  0116 
0  0046 


0.0053 
0.0021 


Permissible  Variations. 


Mesh. 


±0.04 
±0.1 


±0.2 
±0.5 


±0.4 
±1.0 


±0.6 
±1.5 


±0  8 
±2 


±1 
±3 


±1 
±3 


±3 
±8 


Diameter. 


±0.005 
±0.002 


±0  0015 
±0  0006 


±0.0012 
±0  0005 


±0  0010 
±0  0004 


±0  0010 
±0.0004 


±0.0008 
±0.0003 


±0.0008 
±0.0003 


±0.0005 
±0.0002 


(Taken  from  1918  A.  S.  T.  M.  Standards,  p.  663.) 


made  a  very  commendable  and  successful  effort  to  produce  the  finer  mesh 
cloth  when  the  European  supplies  were  cut  off  by  the  war,  has  undertaken 
the  manufacture  of  the  new  sieves,  and  some  of  them  are  already  avail- 
able. Before  the  end  of  the  year  the  sieves  of  this  series  necessary  for  all 
ordinary  testing  purposes  should  be  on  the  market.  Other  manufacturers 
have  signified  their  willingness  to  produce  the  new  sieves,  and  in  the  course 
of  the  next  few  months  it  is  hoped  that  the  majority  will  be  in  a  position 
to  furnish  sieves  under  these  specifications. 
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Table  IV.— Tyler  Screen  Scale  Sieves. 


Sieve  No.  or  Mesh. 

Sieve 

Opening. 

(mm.) 

Sieve 

Opening. 

(in.) 

Wire 

Diameter. 

(in.) 

3  

6.680 
4.699 
3.327 
2.362 
1.651 
1.168 
0.833 
0.589 
0.417 
0.295 
0.208 
0.175 
0.147 
0.124 
0.104 
0.088 
0.074 

0.263 

0.185 

0.131 

0.093 

0.065 

0.046 

0.0328 

0.0232 

0.0164 

0.0116 

0  0082 

0.0069 

0.0058 

0.0049 

0  0041 

0  0035 

0.0029 

0.070 

4 

6 

0.065 
0.036 

8..  .                  ' 

0.032 

10 

0.035 

14 

0.025 

20                   

0.0172 

28 

35 

0.0125 

0.0122 

48 

65 .                               

0.0092 
0.0072 

80...                               

0.0056 

100... 

0.0042 

115...                             

0.0038 

150 

170 

200 

0  0026 
0.0024 
0.0021 

(Taken  from  Tyler  Catalogue  36.) 


PRESSURE  OF  CONCRETE  AGAINST  FORMS. 
By  Earl  B.  Smith.* 

The  cost  of  forms  for  concrete  work  constitutes  in  many  cases  a  rather 
large  percentage  of  the  total  cost  of  the  finished  structure,  and  this  cost 
can  only  be  kept  low  by  rationally  studied  design  methods.  In  so  many 
cases  the  form  is  not  designed,  but  is  merely  laid  out  by  guess  and  con- 
structed by  the  carpenter  with  the  result  that  an  unwarranted  amount  of 
lumber  has  been  used  to  prevent  failure  or  spreading.  The  dimensions  and 
the  spacing  of  the  supports  and  braces  should  have  careful  attention  to 
secure  sufficient  stiffness  and  ample  strength.  The  sheathing  and  bracing 
should  be  so  proportioned  as  to  secure  ample  stiffness  against  springing 
and  misalignment.  Mere  strength  without  ample  stiffness  and  rigidity  is 
not  sufficient  for  good  work. 

The  proper  design  of  forms  cannot  be  concluded  without  knowing  the 
lateral  and  vertical  pressures  of  plastic  concrete  against  the  forms.  To 
secure  this  information  the  U.  S.  Bureau  of  Public  Roads  has  made  a  few 
tests  which  seem  to  accord  in  general  with  the  results  obtained  by  others.! 
but  which  go  further  in  indicating  the  values  of  s'^me  of  the  factors  influ- 
encing the  results.  At  the  present  time  sufficient  data  have  not  been 
obtained  to  make  any  final  statement  as  to  the  law  of  pressure  of  concrete 
and  the  effect  on  each  factor,  but  rather  than  hold  these  data  longer  with 
the  expectation  of  making  them  more  complete  at  some  future  date,  they 
are  now  offered  with  the  desire  that  they  may  serve  to  make  a  little  more 
definite  the  usual  practice  in  the  design  of  concrete  forms;  also  that  they 
may  suggest  a  needed  field  of  investigation   for  other  experimenters. 

The  series  of  tests  presented  in  this  paper  were  carried  out  by  W.  E. 
Rosengarten  in  the  laboratory  of  the  research  section  of  the  Bureau  of 
Public  Roads,  located  at  the  Arlington  Experimental  Farm,  near  Wash- 
ington. The  field  tests  were  made  during  the  construction  of  the  walls 
and  columns  of  a  reinforced-concrete  building. 

The  apparatus  used  to  measure  the  concrete  pressures  were  cells  and 
gages  similar  to  those  described  in  the  "Proceedings"  of  the  American 
Society  for  Testing  Materials,  1917,  page  641,  and  used  for  the  past  few 
years  by  this  laboratory  in  measuring  earth  pressures  behind  retaining 
walls  and  under  fills.  Details  of  the  instrument  are  shown  in  Fig.  1.  It 
consists  essentially  of  an  air-tight  metal  cell,  having  a  circular  weighing 
face  10  sq.  in.  in  area.  The  concrete  pressures  against  the  face  of  the  cell 
are  balanced  by  admitting  compressed  air  to  the  inside  of  the  cell.     When 


*  Senior  Assistant   Testing  Engineer,  U.    S.   Bureau   of   Public   Roads. 

t  Design  of  Concrete  Forms,  R.  A.  Sherwin,  Eng.  Record,  Feb.  26,  6.  278; 
Pressure  of  Concrete  on  Forms,  F.  R.  Shunk,  Eng.  News,  Sept.  9,  1909,  p.  288; 
Pressure  of  Wet  Concrete  on  the  Sides  of  Column  Forms,  A.  B.  McDaniel  and  N.  B. 
Grover,  Eng.  News,  May  18,  1916,  p.  933. 
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the  pressures  are  balanced  an  electrical  contact  is  broken  which  extingu- 
ishes a  light  and  indicates  that  the  pressure  shown  on  the  gage  connected 
with  the  air  pipes  is  equal  to  the  pressure  of  the  concrete.  Tests  on  these 
cells  show  them  to  be  accurate  considerably  beyond  that  necessary  for 
these  tests,  and  that  the  movement  of  the  face  is  less  than  one  ten- 
thousandth  of  an  inch  to  break  contact,  thus  making  the  cell  admirably 
suited  for  tests  on  pressures  exerted  by  granular  materials,  soils,  mud  and 
concrete. 
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FIG.    1. — DIAPHRAGM  CELL  FOR  DETERMINING  SOIL  PRESSURE. 


Several  other  experimenters  have  attempted  to  obtain  such  data,  but 
some  have  been  greatly  handicapped  by  not  having  a  suitable  apparatus 
for  determining  the  concrete  pressures.  Any  scheme  for  determining  the 
pressure  values  that  depends  upon  a  movement  of  the  concrete  at  the  time 
of  making  the  readings  is  evidently  not  reliable.  The  values  desired  are 
the  static  pressures  of  concrete  against  an  immovable  surface,  and  not 
the  pressures  necessary  to  stop  a  moving  mass  of  concrete,  nor  to  start 
a  movement  of  the  mass.  And  any  scheme  requiring  first  the  disturbance 
or  movement  of  the  mass  before  making  the  pressure  readings  is  also 
undesirable. 
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FIG.  3.— LOCATION  OF  PRESSURE  CELLS  NO.  1  AND  2 
DURING  LABORATORY  CONSTRUCTION. 
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FIG.  4. — LOCATION  OF  PRESSURE  CELLS  NO.  3   AND  4  DURING 
LABORATORY  CONSTRUCTION. 
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The  arrangement  of  the  pressure  cells  and  the  concrete  form  used  dur- 
ing the  laboratory  tests  is  shown  in  Fig.  2  and  photographs.  The  form 
was  built  of  2-in.  planks  giving  an  inside  horizontal  cross-section  of  7.8  x  9.4 
in.,  and  a  height  of  10  ft.  Four  cells  were  placed  in  the  form,  with  the 
weighing  face  flush  with  the  inside  of  the  forms.     Cell  No.  1  was  placed  in 


Table  I. — Laboratory  Tests  of  Pressures  of  Concrete 
Against  Forms. 


Mix. 

Aggregate. 

Consistency. 

Temper- 
ature, 
deg.  C. 

Bate  of 
Pouring, 

Maximum 
Pressure. 

'Head  at 

Maximum 

Pressure. 

Time  at 

Maximum 

Pressure, 

Min. 

Curve 
in 

ft.  perhr. 

Fig. 

1 

Air. 

Water. 

Vert. 

Lat. 

Vert. 

Lat. 

Vert. 

Lat. 

1  : 2J  :  3? 

23 

1.5 

1.15 

.68 

2.5 

2.0 

90 

90 

1  :  2i  :  3= 

26 

2.7 

1.45 

.90 

3.7 

2.5 

78 

61 

No.  9 

1  :  2J  :  3? 

3.3 

1.65 

.73 

3.3 

2.5 

49 

44 

1:3:6 

Cem.  13820 

Quaky 

19 

21 

1.63 

13.5 

.52 

2.77 

1.70 

79 

61 

1:3:6 

(Forms) 

15 

18 

3.32 

1.05 

.43 

4.15 

2.53 

70 

50 

1:3:6 

"■     (Dry) 

19 

20 

6.72 

1.07 

.21 

•6.59 

3.80 

57- 

37 

1:3:6 

" 

17 

19 

14.26 

1.33 

.41 

10.00 

5.12 

48 

29 

1:3:6 

17 

21 

9  ft.  in 
1  batch 

.86 

.35 

9.28 

8.78 

10 

10 

1:3:6 

Grav.  13822 

Quaky 

21 

19 

1.73 

.98 

.90 

1.71 

2.08 

36 

66 

1:3:6 

New  lot  cem. 

"  (1st  test) 
(forms  wet) 

18 

20 

3.46 

2.02 

.85 

3.72 

3.22 

57 

57 

No.  10 

1:3:6 

16 

19 

7.08 

2.53 

1.40 

5.50 

5.00 

49 

49 

1:2:4 

Grav.  13822 

Quaky  14  in.  dia. 

19 

18 

1.75 

2  27 

1.50 

3.46 

2.68 

96 

86 

1:2:4 

New  cells 

"      13in.  " 

24 

18 

3.60 

2^35 

1.46 

4.50 

3.40 

66 

56 

No.  8 

1:2:4 

" 

"      13m.  " 

23 

23 

7.32 

1.73 

1.21 

4.55 

4.05 

37 

37 

1  :  1*  :  3 

Grav.  13822 

Quaky 

21 

24 

1.86 

2.75 

1.89 

3.99 

3.49 

106 

106 

1  :  U  :  3 

" 

"    12  in.  diam. 

20 

17 

3.84 

3.49 

2.40 

4.79 

4.29 

66 

66 

No.  7 

1  :  11  :  3 

" 

"    13  in.  diam. 

17 

17 

7.50 

4.60 

3.16 

7.10 

6.60 

60 

60 

1:2:4 

Fine  gravel 
No.  14192 

^      f  HHin.di. 
■%b\  61  in.  SI. 

25 

18 

1.78 

1.75 

.98 

2.09 

1.87 

46 

56 

No.  8 

1:2:4 

3.Q  1  lllin.di. 
a      {  61in.  SI. 

27 

18 

7.35 

2.41 

1.93 

3.33 

2.83 

28 

28 

1  :  H  :3 

Grav.  13822 

Sloppy 
12*  in.  dia. 
3  in.  SI. 

16 

15 

1.84 

2.37 

1.17 

3.05 

2.55 

75 

75 

1  :  1J  :  3 

This  test  and 
allpreviouscr. 
grav.  13822 

Sloppy 
14  in.  dia. 
81  in.  SI. 

17 

15 

7.66 

3.31 

2.05 

4.80 

4.30 

38 

38 

No.  7 

1:2:4 

1st  test  fine 
grav.  14192 

Sloppy 
17  in.  dia. 
91  in.  SI. 

18 

17 

1.86 

2.75 

1.63 

3.38 

2.88 

85 

85 

No.  8 

1:2:4 

Sloppy  _ 
16  in.  dia. 
91  in.  SI. 

19 

17 

7.44 

1.97 

1.19 

3.33 

2.83 

27 

27 

the  center  of  the  base  and  indicated  the  vertical  pressure.  Cell  No.  2  was 
set  in  the  center  of  the  rear  wall  of  the  form.  Cells  Nos.  3  and  4  were 
placed  in  the  center  of  the  right  and  left  side  walls  of  the  forms 
respectively.  The  centers  of  these  cells  for  obtaining  the  lateral  pressure 
were  all  6  in.  above  the  base.  Air  control  pipes  leading  from  all  cells 
were  arranged  in  order,  with  connections  and  nipples  conveniently  located 
for  taking  the  readings  on  the  four  cells  very  quickly. 
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■  1 


The  materials  for  the  concrete  used  in  the  tests  were  carefully 
weighed  and  mixed  by  hand.  Immediately  upon  completing  the  mixing  the 
concrete  was  shoveled  into  buckets  and  dumped  into  the  top  of  the 
forms.  The  mixing  floor  and  the  wood  forms  were  well  wetted  before  the 
test  was  begun.     The   concrete   was  tamped  on   top  by  the  use  of  a  long 


5. PRESSURE  GAGES  APPLIED  TO 

COLUMN  FORM  IN  BUILDING. 


FIG.  6. — TEST  FORM  IN  LABORATORY. 


stick  having  a  2  x  6  in.  foot  on  the  lower  end.  The  outside  of  the  forms 
were  also  vibrated  by  striking  with  a  heavy  hammer.  The  height  to  which 
the  concrete  stood  in  the  column  form  was  then  measured,  and  the  press- 
ures on  the  bottom  and  three  side  cells  were  immediately  read  and  recorded. 
The  batches  were  varied  in  size  so  that  when  a  new  batch  was  added  each 
10  minutes  the  head  of  concrete  in  the  form  would  increase  at  the  rate 
desired.     Readings   were   taken   on   the  pressure   cells    immediately   after 


62 


Pressure  of  Concrete  Against  Forms. 


placing  the  concrete,  and  again  about  5  minutes  later  or  shortly  before 
placing  the  next  batch  of  concrete. 

The  air  and  the  mixing  Avater  temperatures  were  recorded  each  day 
tests  were  run.  Slump  tests  of  the  concrete  were  made  to  determine 
the  consistency  used  in  each  test;  and  are  recorded  as  inches  slump,  or 
where  very  wet  as  inches  diameter  of  the  mass.  Fresh  batches  of  concrete 
were  added  every  10  minutes  until  after  the  pressures  on  the  cells  had 
passed  a  maximum  and  indicated  a  decided  decrease  in  pressure.  The 
tabulated  data  and  results  of  these  laboratory  tests  are  shown  in  Table  T, 
also  plotted  in  Figs.  7-10,  inclusive. 

Several  field  tests  were  run  in  addition  to  the  laboratory  tests  de- 
scribed above  during  the  construction  of  a  reinforced-concrete  building  at 
the   Arlington   Farm.     The  pressure   cells  Avere   inserted  in   the   wall   and 

Table  II. — Field  Test  of  Pressure  of  Concrete  Against  Forms. 


Mix. 

Consistency. 

Temperature, 
deg.  C. 

Rate  of 
Pouring, 
ft.  per  hr. 

Distance, 

Cell  to 

Opposite 

Side  of  Form. 

Maximum 
Pressure, 
Lateral. 

Head  at 
Maximum 
Pressure, 

Lateral. 

Time  at 
Maximum 
Pressure, 

Air. 

Water. 

Mins. 
lateral. 

1:2:4 

Sloppy 

14 

13 

12.0 
12.0 

8  in. 
8  in. 

1.95 

2.45 

3.25 
3.25 

17 
17 

1:2:4 

Sloppy 

14 

15 

20.0 
20.0 

3  in  to  reinf. 
18  in. 

2.45  stop 
3.90    po 

ped  4.62 
ur   .  4.62 

23 
23 

1:2:4 
1:2:4 
1:2:4 

Sloppy 

23 
23 
23 

23 
23 
23 

9.0 

12.5 
10.6 

18x28  in.  hole 
9Jin. 
9|  in. 

2.2 

1.85 

1.45 

3.0 
2.3 
2.3 

20 

11      . 
13 

column  forms,  as  shown  in  Figs.  3-5,  and  pressure  readings  taken  at  the 
time  the  concrete  was  being  poured.  The  concrete  was  machine  mixed, 
raised  in  an  eleA^ator,  and  directed  into  the  forms  through  a  system  of 
chutes.  It  AAras  then  spaded  or  tamped  with  a  stick  having  a  small  blade 
on  the  end.  The  concrete  Avas  a  1:2:4  mix,  river  gravel  being  used  for  the 
coarse  aggregate,  and  the  consistency  rather  sloppy,  flowing  readily  around 
steel  reinforcing.  The  results  from  these  field  tests  conform  faArorably  with 
those  obtained  from  the  laboratory  and  are  shown  in  Table  II  and  Fig.  11. 

The  results  shown  by  these  experiments  indicate  that  the  fundamental 
pressure  of  concrete  against  the  form  is  about  1  lb.  per  sq.  in.  for  the  first 
1  ft.  of  head.  HoAvever,  this  is  by  no  means  all  that  should  be  said.  A 
study  of  the  results  reported  by  others  and  those  obtained  from  this  series 
of  tests  show  that  the  following  factors  have  an  influence  upon  the  press- 
ure, namely:  (1)  Rate  of  filling  the  forms;  (2)  cross-sectional  area  of  the 
forms;  (3)  consistency  of  the  concrete;  (4)  amount  of  cement  in  the 
concrete;  (5)  temperature  of  the  concrete  and  the  time  of  set  of  the 
cement;  and  (6)   character  of  the  fine  and  the  coarse  aggregate. 
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Sufficient  data  are  not  yet  available  to  make  final  statements  as  to  the 
law  by  which  each  of  these  factors  influence  the  pressure  of  the  concrete 
against  the  form.  The  results  do  show  that  the  initial  pressure  under  small 
heads  is  equal  to  the  hydrostatic  pressure  of  a  liquid  having  the  approxi- 
mate   density    or    weight    of    the    concrete;    that    is,    approximately    1    lb. 


1:1^:3  M 

x.  Grovel    Aojg. 

Curves 
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Press.  Min. 
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FIG.  7. — CURVES  OF  PRESSURE  OF  1:1|:3  CONCRETE  IN  LABORA- 
TORY TESTS. 

per  sq.  in.,  or  144  lb.  per  sq.  ft.  for  the  first  foot  head.  As  pouring  is 
continued  this  pressure,  however,  soon  falls  below  the  straight  line  hydro- 
static pressure  and  the  amount  of  this  deviation  depends  upon  one  or 
more  of  the  factors  mentioned  above. 

It  is  important  to  notice  that  the  results  prove  that  if  filling  is  con- 
tinued indefinitely  the  lateral  pressures  near  the  base  of  the  form  finally 
reach  a  maximum  value  and  then  decrease  gradually  to  zero,  regardless  of 
the    fact   that    fresh   concrete    is    continually    added   above.      The    vertical 
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pressures  are  in  all  cases  greater  than  the  lateral  pressures — they  decrease 
in  value  after  a  maximum  has  been  attained,  but  not  to  zero.  The  total 
weight  of  the  concrete  mass  in  ordinary  construction  is  not  supported 
entirely  upon  the  bottom  of  the  form,  but  because  of  the  roughness  and 


I" 


P/?£55L//?£  Of  C0W/BE71 '  flSWfST  fVWtS 

/•<?■■-*  rr/x 


a//rv£s 

1£6X£&ffT£ 

P0C/M/T6 
m£fT/M/? 

/97/f 

TEwamk 

TOTffLfiO 
MUMGS 

co/rsisrmr  aa~r/iXKS 

LfIT 

VSST 

fl 

CMSHEP 
SKffl/EL 

/7 

86 

96 

68°£ 

/3 

/4'fi/a 

ursrssr 

0 

3.6 

S6 

66 

7t°/r 

/o 

/ffi/g 

£/7£T£Sr 

c 

73 

37 

37 

74° £ 

7 

/Sf//? 

U707£.s 

p 

/.8 

8S 

8S 

6S'£ 

/a 

'Sf&w 

urarssr 

£ 

74 

27 

27 

err 

s 

l/7J37£S7 

F 

ofmsec 

10 

8S 

8J- 

77°£ 

2 

UFSTfST 

6 

74 

27 

27 

0/°£ 

s 

iff0rss7 

£0TBMt  ABES5M0£. 


t/£/?T/C/7L  WSSSt/fiS 


/\ 

_L_                                                             f 

r  *i 

\ 

*-i 

1 

M      04 

_& 

b 

■+            U                             Ml 

\ 

_j! 

t          Jt                             Xtt- 

,lf\ 

t        4$                            4ffl, 

bfi2_i 

jt                 i&ti 

p 

\ 

-isi                  ^fi 

\ 

«-■<?" 

M  t^Jt                               ^Mt* 

X\ 

6r 

1 

it-t  \?                     xtu 

^v 

^tii  i                   -up 

/  \\ 

^_ 

ftty/S:               ±      ut 

\  / 

\ 

6 

$1   /^\   \                                                      Ml 

< 

\\ 

*Ulli  W-v-                     mr 

/ 

^ 

i±tt:    1-X                      mr. 

/I* 

^tliz  ?v                  -  -    W^l 

1 

tnjz  1  \\-                  J—M- 

\c 

uifot?      i\                  1  it 

"XM^t       \%  ~~             t  t 

iwA    3'  v^     4:     tjz  - 

izzt        ^-t  it      -tt    - 

W     \            +\                -f$     - 

it     --        3<     "       v 

f           'r                                r 

nc/&  y/  lu,>Gr£Z£//*  £££7 
FIG.   8. — CURVES   OF  PRESSURE  OF   1:2:4   CONCRETE  IN  LABORATORY   TESTS. 

friction  against  the  sides  the  planking  takes  part  of  the  weight  or  vertical 
pressure.  Of  course,  for  wide  and  shallow  masses  of  concrete,  such  as  floor 
slabs,  the  vertical  pressure  is  equal  to  the  weight  of  the  concrete. 


Summary. 

A  summary  of  the  data  at  hand  seems  to  lead  to  the  following  con- 
cl  us  ions  regarding  the  effect  of  the  various  influencing  factors. 

( 1  )  The  maximum  pressure  exerted  upon  the  forms  increases  as  the 
rate  of  rilling  increases.     At  a  slow  rate  of  about  1   ft.  per  hour  the  press- 
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ure  is  approximately  1  lb.  per  sq.  in.,  but  as  the  rate  increases  beyond  this 
value  the  pressure  increases  approximately  as  the  0.3  power  of  the  rate. 

(2)  Field  tests,  which  were  made  in  places  where  the  distance  between 
the  form  walls  differed,  indicate  that  the  maximum  pressures  obtained 
increase  slightly  with  the  mass  of  the  concrete  when  the  consistency  is  wet 
and  sloppy.  This  conclusion  probably  does  not  hold  in  the  case  of  dry 
mixes.  Reinforcing  just  inside  the  form  tends  to  slightly  decrease  the 
pressures,  but  probably  this  effect  would  be  neglected  in  determining  the 
final  pressures  for  use  in  design. 
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FIG.   9. — CURVES  OF   l^^lS^    CONCRETE  IN  LABORATORY  TESTS. 


(3)  The  results  show  in  general  that  the  maximum  pressure  was 
increased  as  the  consistency  of  the  concrete  was  made  drier  within  the 
limit  of  workability.  This  is  probably  different  from  what  might  be 
expected,  but  the  tests  show  it  to  be  the  case.  It  is  probably  due  to  the 
fact  that  under  the  usual  conditions  of  placing  dry  concrete,  it  requires 
more  tamping,  which,  because  of  its  dryness,  seems  to'  develop  a  permanent 
wedging  action  between  the  particles.  In  the  case  of  wet  or  sloppy  con- 
crete this  wedging  action  does  not  exist,  as  we  have  approximately  a 
static  fluid  pressure.  For  low  heads  the  dry  concrete  (when  tamped  as 
usual)    will  give   the  greater  lateral   pressure,   but  for   heads   of  4  ft.   or 
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more  and  within  the  time  when  initial  set  becomes  an  influencing  factor 
the  sloppy  mixtures  give  the  greater  pressure.  The  average  increase  of 
pressure  due  to  the  effect  of  dry  mixtures  seems  to  be  0.3  lb.  per  sq.  in. 
for  each  inch  decrease  in  the  standard  slump  test  less  than  a  5-in.  slump. 
(4)  The  richness  of  the  mix  also  affects  the  maximum  pressures 
obtained.  The  richer  the  mix  the  greater  the  maximum  pressure,  the 
average  increase  being  0.12  lb.  per  sq.  in.  for  each  percent  increase  in  the 
ratio  of  the  cement  to  the  aggregate  beyond  12  percent. 


/>A£55U/?£  Of  C0/YCf£T£  fl6/7/f/Sr  fffirtS 

/■3:6  S~7/X 


CC/W£~5 

tKtXU#T£ 

Cffui»£ff 

6Sfff£L 

r/rt£  to /*m 

77/7? 

TOT77L  7fO 

CO/fSISKTtCY 

*E77mr(S 

L#T 

f£?T 

7? 

?/■*  "/38aa 

/7 

66 

36 

70°f 

74 

/J  p/ff 

177S7£S7 

0 

ert'/mz 

}  + 

ST 

S7 

64°f 

70 

/fm 

lff0  T£37 

c 

eu>t.*/3B2i 

70 

43 

49 

62°F 

8 

J  9771 

L770  7fST 

Lffrtsfffl  />/f£5Si/rf£ 

/ffi7/C/7L  m^scz/fs 



1 

! 

t 

1 

i 

1 

1 

— 

"j 

\ 

1 

" 

1 

-- 

— ' 

--1- 

fi 

V 

V 

< 

A 

K 

T 

■^ 

^ 

I 

1 

, 

/ 

i 

*/ 

I 

j 

A 

1 

'.' 

1 

t 

7~i 

f 

1 

U 

- 

- 

A 

•i 

% 

f\ 

/ 

V 

|T" 

u 

V 

aV 

\/L 

\* 

l> 

I 

ft./ 

■■? 

f/ 

M 

£ 

i  '  i 

Vr 

~o- 

— 9 

VJ 

# 

ft 

w 

°C 

l' 

-^ 

V 

j\i 

1 

£  r 

H/ 

L?% 

1 

•r 

V 

1 

// 

/ 

Jw 

/ 

-\~ 

-— 

, 

/ 

* 

r 

1- 

__!  . 

/ 

4 

1 

-4-- 

■~ 

/f£W  of  cmf/fs-rf  7/r  rs£T 
FIG.    10. — CURVES    OF    1:3:6    CONCRETE    IN    LABORATORY    TESTS. 


(5)  A  decrease  in  the  temperature  of  the  concrete  retards  the  set  of 
the  cement,  and  it  is  natural  to  suppose  that  this  is  the  limiting  factor 
in  the  maximum  pressure  obtained,  since  the  pressure  increases  with  the 
head  until  the  cement  takes  a  sufficient  set  to  begin  to  support  the  over- 
lying concrete.  Therefore,  as  the  temperature  is  reduced  and  the  time 
of  the  set  of  the  cement  is  increased  the  height  of  fill  may  be  increased  and 
thus  produce  or  make  possible  a  higher  total  pressure.  Since  the  cement 
begins  to  set  and  stiffen  in  about  30  minutes,  the  maximum  pressure  is 
attained  under   whatever  head  of  concrete   may   exist   at  this  time.     The 
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value  for  H,  the  head  of  concrete,  to  be  used  in  the  formula  given  below 
should  not  be  greater  than  one-half  the  rate  of  fill ;  except  where  agitation 
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is  vigorous  and  continuous  in  a  sloppy  mix,  then  this  ratio  may  be  taken 
up  to  three-fourths. 

An  empirical  formula,  giving  the  lateral  pressures  required  for  use 
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in  the  design  for  the  investigation  of  the  strength  of  concrete  forms,  and 
taking  into  account  the  above  numerical  factors,  is 

P  =  H°.2R°.3  +  0.12C  —  0.38. 

P  being  the  resultant  lateral  pressure  in  pounds  per  sq.  in.;  R,  the  rate 
of  fill  in  feet  per  hour;  H,  the  head  of  concrete  fill;  C,  the  percent  by 
volume  of  cement  to  the  combined  fine  and  coarse  aggregate;  and  8,  the 
consistency  in  inches  of  slump. 

The  vertical  pressure  is  obtained  by  adding  0.25H  to  the  value  of  P 
as  found  above.  Except  when  the  inside  distance  between  the  vertical  sides 
of  the  form  is  greater  than  one-half  the  depth  of  fill,  then  the  value  should 
be  taken  as  equal  to  the  weight  of  the  concrete. 

In  the  practical  application  of  this  formula,  as  with  all  formulas, 
there  is  abundant  opportunity  for  the  exercise  of  common  sense  and  good 
judgment.  The  formula  will  give  pressures  somewhat  higher  than  exact 
values.  It  shows  the  effect  of  continuous  and  vigorous  agitation  of  the 
concrete  mass  only  as  this  is  introduced  through  good  judgment  in  select- 
ing the  value  for  the  head  of  concrete,  H.  For  usual  conditions  H  may 
be  taken  as  not  greater  than  one-half  of  R.  For  ordinary  cement  in  cold 
weather,  or  when  continuously  and  well  agitated,  H  may  be  three-fourths 
of  R,  when  the  filling  is  continuous  beyond  one  hour.  A  second  pouring  on 
top  of  concrete  that  has  been  in  place  for  45  mimites  or  more  does  not 
add  to  the  pressures  already  existing  at  the  bottom  of  the  fill. 

The  values  for  C  may  be  taken  as  the  next  higher  whole  number  in 
the  percent  of  cement  by  volume,  as  the  required  accuracy  does  not  justify 
fractional  percents.  Values  for  8  may  also  be  taken  as  whole  numbers, 
since  the  slump  test  is  not  accurate  closer  than  1  in. 

The  value  of  P  obtained  by  the  formula  is  the  lateral  pressure  against 
the  form  at  the  lowest  point  of  the  fill.  Since  the  pressures  are  not  uni- 
form from  top  to  bottom,  but  vary  approximately  as  the  ordinates  of  a 
parabola,  the  center  of  pressure  or  point  of  resultant  pressure  may  be 
taken  at  0.6  of  the  height  of  fill,  H,  from  the  top. 

Examples  of  Computing  Pressure. 

The  following  examples  may  serve  to  show  the  use  of  the  above 
formula : 

Example  I.  For  reinforced  mass  concrete.  Mix  to  be  1:3:5;  con- 
sistency rather  sloppy,  or  9-in.  slump ;  the  rate  of  fill,  R,  to  be  8  ft.  per 
hour.  The  total  height  of  concrete  filled  within  one  hour,  7  ft.  Since  this 
concrete  is  placed  from  a  chute  in  a  large  form,  and  men  are  continually ' 
walking  around  in  it,  the  value  to  be  chosen  for  H  is  6,  or  three-fourths 
of  R.    Then,  substituting  in  the  formula : 

P  —  6°-280-3  +   (0.12  x   13)   —   (0.3  X  9) 

P  =   1.53  lb.  per  sq.  in. 

The  vertical  pressure  =  7  lb.  per  sq.  in. 
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Example  II.  For  reinforced-concrete  column.  Mix  to  be  1:2:4;  con- 
sistency 8-in.  slump ;  rate  of  fill  to  be  24  ft.  per  hour.  Total  height  of 
column  and  final  fill,  11  ft.,  made  in  one  pouring;  since  this  is  done  in  less 
than  30  minutes  the  value  for  H  is  11.     Substituting  in  the  formula: 

P  —  11°.224°.3  +   (0.12  X  17)  —  (0.3  X  8) 

P  =  3.83  lb.  per  sq.  in. 

Vertical  pressure  =  P  -4-  0.25i7  —  6.58  lb.  per  sq.  in. 

Example  III.  For  thin  curtain  walls  and  reinforced  bulkheads. 
Mortar  mix  1:5;  consistency  8-in.  slump;  rate  of  fill  20  ft.  per  hour. 
Total  height  of  fill  in  one  pouring,  14  ft.;  the  value  to  be  selected  for  H 
should  be  10,  since  that  is  the  height  of  fill  at  30  minutes  Avhen  the  effect 
of  stiffening  and  set  begins.     Substituting,  we  have : 

P  =  10°.2200-3  -f    (0.12  X  2°)   —   (°-3   X   8) 

P  —  3.89   lb.  per  sq.  in. 

Vertical  pressure  —  P  -\-  .25H  —  6.39  lb.  per  sq.  in. 

Example  IV.  For  dry  mix,  mass  concrete.  Mix  to  be  1:3:6;  con- 
sistency, 3-in.  slump;  rate  of  fill,  6  ft.  per  hour;  distance  between  sides  of 
form,  3  ft.  total  height  of  fill  within  30  minutes,  4  ft.     Then, 

p  _  4o.26o.3  +    (0  12  x   n)    _   (03  x  3) 

P  =  2.68  lb.  per  sq.  in. 

Vertical  pressure  —  4  lb.  per  sq.  in. 


NEW  DEVELOPMENTS  IN  SURFACE  TREATED  CONCRETE  AND 

STUCCO. 

By  J.  C.  Pearson  *  and  J.  J.  Earley.! 

The  joint  authorship  of  this  paper  requires  a  word  of  explanation. 
The  writers  have  been  closely  associated  by  their  membership  on  the 
Advisory    Committee   of   the   Bureau   of   Standards'    Stucco    Investigation, 


FIG.    1. — SIXTEENTH    ST.    ENTRANCE    TO    MERIDIAN    HILL    PARK, 

WASHINGTON,    D.    C. 

Architectural   detail  well   executed   in   concrete. 


and  on  the  Committee  on  Treatment  of  Concrete  Surfaces  of  this  Institute. 
Both  residing  in  Washington,  they  have  had  an  unusual  opportunity  to 
study  and  discuss  together  the  results  obtained  from  the  experimental 
work  of  the  Bureau  in  concrete  and  stucco,  as  well  as  those  from  Mr. 
Earley's   work    in   connection   with   his    contracting   business.      These    dis- 

*  U.  S.  Bureau  of  Standards,  Washington,  D.   C. 
f  Architectural  Sculptor,  Washington,  D.  C. 

(70) 
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cussions  often  led  to  the  consideration  of  possibilities  somewhat  beyond 
the  range  of  established  practice,  and,  in  fact,  beyond  the  limitations  of 
established  theories  relating  to  the  gradation  and  proportioning  of  the 
ingredients  of  mortar  and  concrete.  It  was  therefore  natural  that  ideas 
were  conceived  which  were  too  visionary  to  be  of  use  to  any  committee, 
but  nevertheless  deemed  worthy  of  further  investigation  on  the  writers' 
own  account.  If  these  ideas  proved  to  have  no  value,  no  one  would  be  the 
loser;  if  they  did  amount  to  anything,  the  results  would  be  a  contribution 
to  our  knowledge  of  stucco  and  concrete. 

Hence  it  is  a  matter  of  some  gratification  to  the  authors  to  be  able 
to  describe  these  new  developments  in  the  treatment  of  concrete  surfaces, 


FIG.   2. — UPPER  LEVEL   OF   MAIN   ENTRANCE    TO    MERIDIAN    HILL  PARK. 
Precast  concrete  tile  balustrades,  seats  and  planting  boxes. 


the  success  of  which  is  due  largely  to  scientific  studies  of  the  behavior  of 
combinations  of  various  sized  particles,  and  the  development  of  a  technique 
adequate  for  the  molding  of  these  combinations  of  particles  in  any  desired 
form  and  place. 

Studies  of  the  experimental  stucco  panels  at  the  Bureau  of  Standards 
led  to  the  general  conclusion  that  by  adherence  to  well-established  practice, 
structurally  sound  and  durable  stucco  could  be  secured,  but  that  a  great 
deal  could  be,  or  ought  to  be,  done  to  improve  its  appearance.  Crazing 
and  map  cracking  are  common  to  most  stuccos,  and  are  esjjecially  objec- 
tionable on  surfaces  of  fine  texture;  the  monotony  of  the  cold  grey  cement 
color  is  objectionable,  and  is  only  partially  relieved  by  the  use  of  white 
cement   and   mortar   colors;    and   finally   the   muddy   appearance    (due   to 
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cement,  or  cement  and  pigment,  being  too  much  in  evidence)  is  objection- 
able from  an  artistic  standpoint.  Consideration  of  these  matters  sug- 
gested at  once  tbe  use  of  less  cement,  and  it  became  evident  that  by 
efforts  in  this  direction  improvement  in  appearance  might  be  obtained. 
The  apparently  insurmountable  obstacle  to  this  departure  from  usual 
practice  was,  of  course,  the  lack  of  plasticity  in  the  leaner  mixtures. 
Various  methods  of  overcoming  this  difficulty  were  considered,  and  some 
experiments   were  made   which   indicated  that  a   real   improvement  might 


FIG.   3. DETAIL  OF'  ENTRANCE  TO   MERIDIAN   HILL  PARK. 

Three  textures  are  shown:  Fine  on  the  reveal  of  the  arch,  left;  medium  on  the  panel 
of  the  wing  wall,  right;  coarse  on  the  rusticated  blocks,  center.  The  blocks  are 
precast  and  set,  the  wing  wall  is  monolithic,  poured  in  place,  and  the  color  is 
uniform  throughout. 

be  obtained  by  substituting  fine  inert  material  for  a  portion  of  tbe  cement. 
The  easiest  way  to  accomplish  this  result  seemed  to  be  by  using  blended 
cements,  that  is,  normal  cements  ground  Avith  a  certain  percentage  of 
sand,  stone-screenings,  or  other  suitable  materials.  These  experiments 
were  never  carried  very  far,  however,  for  it  did  not  seem  possible  that  any 
method  which  might  be  devised  for  retaining  plasticity  could  bring  about 
the  desired  result,  viz.,  the  elimination  of  all  the  objectionable  features 
mentioned  above. 

Serious  as   was   this    lack   of   plasticity   in   the   lean  stucco   mixtures, 
it  was,  after  all,  something  that  could  be  overcome  by  work.     This  was 
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demonstrated  by  the  fact  that  mixtures  as  lean  as  one  part  cement  to 
six  parts  of  stone-screenings  were  applied  on  some  of  the  Bureau  of 
Standards'  panels,  with  excellent  results.  But  the  improvement  in  these 
panels  as  compared  with  some  of  the  easier  working  combinations  did  not 


FIG.    4. GATE   POSTS    AT   U.    S.    NAVAL    HOSPITAL    RESERVATION, 

WASHINGTON,    D.'    C. 


seem  great  enough  to  justify  the  increased  cost  of  application.  The  ques- 
tion finally  arose  whether  by  careful  attention  to  gradation  of  the  aggre- 
gates tb is  improvement  in  appearance  might  not  be  so  enhanced  that  the 
cost  would  be  a  secondary  consideration. 


74  Sukface  Treated  Concrete  and  Stucco. 

This  idea  came  from  the  fact  that  Mr.  Earley  had  succeeded  in  making 
complicated  casts  of  concrete  from  specially  graded  aggregates  in  such 
manner  that  a  very  large  percentage  of  the  area  of  the  treated  surface 
(first  wire  brushed  and  then  washed)  was  aggregate,  and  a  very  small 
percentage  cement.  Possibly  due  in  part  to  the  higher  reflecting  power  of 
the  surfaces  of  the  exposed  aggregates,  the  color  of  the  concrete  surfaces 
thus  produced  was  determined  almost  wholly  by  the  color  of  the  aggre- 
gates, and  only  very  slightly  affected  by  the  cement  itself.  A  most  con- 
vincing demonstration  of  this  fact  was  obtained  by  constructing  two  con- 


FIG.    5. — ENTRANCE   TO   AN   ESTATE   NEAR   WASHINGTON. 

crete  slabs  containing  exactly  the  same  proportions  of  specially  graded 
aggregate,  the  one  being  mixed  with  grey  cement,  the  other  with  white 
cement.  After  the  surface  treatment  of  brushing  and  washing  had  been 
applied,  only  an  expert  could  have  determined  which  slab  contained  the 
grey  cement  and  which  the  white. 

To  digress  still  further  for  a  moment,  this  method  of  obtaining  per- 
manent and  very  pleasing  colors  in  concrete  surfaces  is  such  an  important 
item  in  the  development  of  the  processes  here  described,  that  it  is  worthy 
of  fuller  explanation.  Before  color  in  concrete  surfaces  can  be  under 
artistic  control,  a  technique  must  be  developed  which  has  for  its  medium 
the  elements  of  the  concrete  itself.     Although  in  problems  involving  ap- 
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pearance  aggregate  is  by  reason  of  its  greater  bulk  the  major  element, 
and  cement  the  minor,  it  is,  nevertheless,  the  color  of  the  cement  which  is 
the  natural   color   of   normal   concrete.      The   reason   for   this   is   that  the 


FIG.    6. — DETAIL    OP    ENTRANCE    SHOWN    IN    FIG.    5. 
Note  the  sharpness  of  the  arrises  of  the  moldings. 


cement  is  finely  ground  and  deposits  itself,  paint-like,  over  the  surfaces  of 
the  aggregates  and  colors  the  whole  mass. 

If,  therefore,   concrete  is  to  receive  its  color  from  the   cement  paste, 
variation    must   be   obtained   by  the   addition   of   pigments   to  the   cement 
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following  the  well-established  practice  of  mixing  paints;  but  if  the  aggre- 
gate is  to  be  the  source  of  color,  the  concrete  must  be  so  designed  and 
manipulated  as  to  deposit  in  the  surface  the  greatest  possible  amount  of 
aggregate.  Any  great  degree  of  success  can  hardly  be  expected  in  coloring 
concrete  through  the  cement.  The  choice  of  colors  is  restricted  by  chemical 
reaction  with  the  cement,  which  causes  them  to  fade  or  change;  depth  of 
color  is  restricted  by  strength  requirements  of  the  concrete  which  limits 
very  closely  the  amount  of  pigment  which  may  be  added  to  the  cement. 
Therefore,  with  the  choice  of  color  limited  by  one  requirement  and  the 
depth  of  color  by  another,  the  cement  itself  must  remain  dominant. 

On  the  other  hand,  in  coloring  concrete  through  the  aggregate  all 
such  restrictions  are  removed,  and  colors  may  be  obtained  from  white  to 
black  through   all  the  range  of  possible   aggregates.     An  examination   of 


FIG.    I . CONCRETE    FLOWER    POT. 

Note  the  delicacy  of  form  as  compared  with 
the  massive  construction  elsewhere  illustrated. 


drawings  done  in  hard  pastelles  and  of  paintings  of  the  impressionist 
school  suggests  a  technique  in  coloring  which  is  peculiarly  adaptable 
to  the  coloring  of  concrete  by  means  of  the  aggregate.  In  the  pastelles 
tones  are  produced  by  hatching  and  cross-hatching  with  lines  of  pure  color 
without  blending  on  the  surface  of  the  drawing,  in  the  paintings  by  spot- 
ting witli  pure  colors  one  beside  the  other,  and  without  blending.  In  both 
cases  the  tones  are  effected  by  the  blending  of  the  light  rays  reflected  from 
the  picture  to  the  observer.  Wonderful  depth  and  clarity  of  tone  are 
characteristics  of  this  school  of  coloring,  and  in  it  are  to  be  found  a  great 
deal  of  exact  knowledge  and  valuable  precedent.  When  this  knowledge  is 
translated  in  terms  of  concrete  aggregates,  it  is  obvious  that  if  the  aggre- 
gates are  carefully  selected  and  carefully  placed,  all  the  elements  are 
present  for  the  successful  coloring  of  concrete  surfaces.  The  results 
obtained   in   practice  hear  out,  the  theory  given  above,  and   there  is  every 
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reason   to   believe   that  the   aggregate   is   the  proper    source  of   color   for 
concrete. 

Hence  it  was  a  most  important  conception  that  a  similar  result  might 
be  obtained  with  stucco.     The  success  of  this  depended,  first,  upon  securing 


FIG.   8. — SOUTH  PORTICO   OF  FIELD  HOUSE  IN   EAST   POTOMAC   PARK, 

WASHINGTON,   D.   C. 

The  portico  is  of  precast  concrete.  The  building  is  of  stucco  on  terra  cotta  tile.  Both 
concrete  and  stucco  are  of  the  exposed  aggregate  type  and  are  of  the  same  color 
and  texture. 


a  suitable  gradation  of  the  stucco  aggregate,  and,  second,  upon  being  able 
to  apply  such  a  mixture,  once  it  were  satisfactorily  compounded.  It  was 
known  at  the  outset  that  these  mixtures  would  be  harsh,  therefore  plastic- 
ity no  longer  played  any  part  in  the  calculations. 

The  laboratory  program  was  fairly  simple.     The  plan  consisted  simply 
in  working  first  with  concrete  mixes  in  miniature,  in  which  the  sizes  of 
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cement  particles,  sand  particles  and  coarse  aggregate  particles  were  reduced 
from  the  normal  sizes  in  the  ratio  of  about  1 :  10,  this  being  taken  as  the 
approximate  ratio  of  the  size  of  particles  passing  a  No.  8  sieve  to  pebbles 


FIG.   9. — DETAIL   OF   POTOMAC   PARK   FIELD    HOUSE    SHOWING   EXCELLENCE  OF 
TECHNIQUE  IN   THE  BUILDING   UP   OF  THE  CORNER   QUOINS. 


1  in.  in  diameter.  It  was  assumed  that  the  density  of  such  mixes  would 
depend  mainly  on  relative  sizes  of  the  component  particles,  with  due  allow- 
ance for  the  water  content.    If  these  mixes  appeared  to  be  satisfactory  for 
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the  purpose,  it  was  assumed  that  any  reduction  within  the  1 :  10  ratio 
would  also  be  satisfactory,  and  the  actual  reduction  to  be  employed  in 
compounding  any  given  stucco  mixture  of  this  type  would  be  as  slight  as 
the  requirements  of  texture  and  the  difficulties  of  application  would  permit. 
To  make  a  long  story  short  these  experiments  in  the  laboratory  with  the 


FIG.    10. DETAIL   OF   SECONDARY  PORCH,   POTOMAC   PARK 

FIELD   HOUSE. 

Cornice,  columns  and  balustrade  of  precast  concrete;  base  of  mono- 
lithic concrete  poured  in  place;  walls  of  stucco  on  terra  cotta  tile; 
all  surfaces  of  the  same  color  and  texture. 


miniature  concretes  were  very  successful.  Not  the  least  important  part  of 
the  laboratory  work  was  the  microscopic  examination  of  the  structures 
of  these  little  concretes,  which  yielded  many  valuable  suggestions  for  the 
gradation  in  size  of  particles,  and  for  the  proper  proportions  of  the  various 
sizes,  to  yield  the  desired  effects  in  the  treated  surfaces. 

The  first  attempt  to   apply  the  new  product  to  a  vertical  wall  was 
not    wholly    discouraging.      Small    areas    were    treated    successfully,    and 
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eventually  a  terra-cotta  tile  pent  house  on  one  of  the  new  laboratories  of 
the  Bureau  of  Standards  was  coated  with  the  exposed  aggregate  stucco. 
This  example  was  the  forerunner  of  the  work  illustrated  in  this  paper,  and 
while  it  is  not  as  free  from  imperfections  as  the  more  recent  work,  it  has 
attracted  most  favorable  notice.  Fortunately,  the  mechanics  who  were 
selected  for  this  work  developed  a  real  interest  in  the  new  type  of  finish. 
and  subsequently  a  pride  in  the  results  of  their  work,  which  made  for 
very  rapid  progress  in  the  development  of  the  methods  of  application  and 
treatment.     New  requirements  in  thoroughness  of  mixing,  consistency,  and 


FIG.   11. — DETAIL  OF  EXPOSED  AGGREGATE  STUCCO,  POTOMAC  PARK  FIELD  HOUSE. 


control  of  the  absorption  of  the  undercoats  were  met,  and  other  improve- 
ments in  the  general  process  were  gradually  introduced  as  essential  parts 
of  the  routine.  Not  all  of  the  problems  have  been  solved,  but  there  has 
been  very  gratifying  progress  in  the  comparatively  short  time  that  the 
new  stucco  has  been  applied  commercially. 

The  illustrations  accompanying  this  paper  have  been  selected  as  typical 
ol  Mr.  Barley's  work  in  the  vicinity  of  Washington,  D.  C.  They  are 
arranged  in  nearly  chronological  order  and  sbow  the  gradual  improvement 
that  is  being  made  as  experience  accumulates. 

Figs.  1,  2  and  3  are  views  of  the  concrete  work  at  Meridian  Hill 
Park,   Washington.    I).   (.'.      Fig.    I    is   a   general   view   of  one  of  the  main 


Surface  Treated  Concrete  and  Stucco. 


81 


entrances,  the  construction  of  which  was  described,  in  the  Proceedings  of 
this  Institute  in  1918.  Fig.  2  is  a  view  of  the  upper  level  of  the  entrance 
shown  in  Fig.  1.  The  balustrade,  seat  and  planting  box  are  of  precast 
concrete  containing  Potomac  River  gravel  as  coarse  aggregate,  the  con- 
crete tile  are  fabricated  from  black  trap  rock.  The  detail  of  the  entrance 
shown  in  Fig.  3  illustrates  the  use  of  different  textures  for  architectural 


FIG.   12. — CENTER   GATE,  FORT  LINCOLN 
CEMETERY,   PRECAST   CONCRETE. 


scale,  but  with  no  variation  in   color.     The   aggregate   is   Potomac  River 
gravel  without  additions  or  modification  of  any  sort. 

Fig.  4  is  a  view  of  the  gate  posts  at  the  entrance  to  the  grounds  of 
the  U.  S.  Naval  Hospital.  The  aggregate  is  Potomac  River  gravel,  but 
slightly  modified  to  obtain  a  color  harmonizing  with  that  of  the  buildings 
in  the  background. 
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Fig  5  and  6  are  views  of  an  entrance  to  a  private  estate.  The  aggre- 
gate used  in  these  gate  posts  is  crushed  quartz  of  light  buff,  the  color  being 
heightened  by  occasional  spots  of  red  and  green. 

Fig.  7  is  included  to  show  the  adaptability  of  surface-treated  concrete 
to  fine  ornamental  work.  Attention  is  called  to  the  delicacy  of  the  beads, 
the  depth  of  which  is  less  than  the  dimensions  of  the  crushed  gravel  aggre- 
gate.    The  pot  is  specially  reinforced  to  withstand  the  pressure  of  roots. 

Figs.  8,  9,  10  and  11  are  views  of  the  Potomac  Park  Field  House. 
Fig.  8  shows  a  portion  of  the  south  wing  of  the  structure,  of  which  the 


FIG.   13— GATE  LODGE  AT  FORT  LINCOLN  CEMETERY. 

Exposed  aggregate  stucco   on  terra  cotta  tile.      The   uniformity    in   color   and   texture  of 
the   stucco  surface   is  excellent. 


stucco  walls  match  the  precast  columns  in  color  and  texture.  Fig.  9  shows 
a  corner  of  the  north  wing  upon  which  the  quoins  are  well  done  in  stucco. 
Fig.  10  is  a  detail  which  shows  an  interesting  combination  of  precast  work, 
monolithic  concrete  (poured  in  place),  and  stucco,  all  of  the  same  color  and 
texture.  The  capitals  are  interesting  in  that  they  are  cast  in  one  piece 
with  all  details  complete.  The  surface  treatment  is  applied  to  the  under- 
cuts as  well  as  to  the  more  exposed  portions.  Fig.  11  is  a  close  view  of 
the  stucco  surface.  Attention  is  called  to  the  close  disposition  of  the 
larger  pieces  of  aggregate  and  the  evenness  of  the  texture. 
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Figs.  12,  13  and  14  are  views  of  the  concrete  work  at  Fort  Lincoln 
Cemetery,  as  yet  uncompleted.  In  Fig.  12  attention  is  called  to  the  cap 
which  is  cast  in  one  piece  above  the  neck  molding.  In  spite  of  difficult 
form  work  the  moldings  and  arrises  are  sharp  and  well  defined  even  in  the 
deep  recess.  The  color  of  the  aggregate  is  such  that  from  a  moderate 
distance  the  structure  resembles  cut  granite,  but  it  is  in  no  sense  an 
imitation  of  granite.  Fig.  13  shows  a  typical  stucco  treatment  of  the 
exposed  aggregate  type.     The  uniformity  of  texture  and  color  is  probably 
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FIG.    14. — DETAIL    OF    EXPOSED    AGGREGATE    STUCCO,    FORT    LINCOLN    CEMETERY. 

Note  the  close  proximity  of  the  coarse  aggregate  which  is  the  source  of  the  remarkably 
clear  color  in  this  type  of  stucco  finish. 


superior  to  that  obtainable  with  any  other  finish.  Fig.  14  is  interesting 
in  showing  the  remarkable  proximity  of  the  stucco  aggregate.  In  com- 
parison with  Fig  11,  this  detail  shows  improvement  in  control  and  work- 
manship. 

Fig.  15  is  a  good  example  of  overcoating.  An  old  brick  front,  similar 
to  the  one  on  the  right  in  the  illustration,  has  been  renovated  with  exposed 
aggregate  stucco,  and  compares  favorably  in  appearance  with  the  limestone 
front  on  the  left.  It  was  the. first  case  in  which  exposed  aggregate  stucco 
moldings  were  made  in  place. 
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Figs.  16  and  17  are  detail  views  of  the  vestibule  of  a  private  residence. 
This  has  recently  been  completed,  and  is  a  very  interesting  combination  of 
precast  work,  monolithic  concrete,  and  stucco.     The  color  is  nearly  white 


["FIG.    15. OLD    BRICK    HOUSE    OVERCOATED    WITH    EXPOSED 

AGGREGATE    STUCCO,   WASHINGTON,    D.    C. 


with  an  occasional  spot  of  brown,  the  texture  is  characteristic  of  concrete 
and  not  of  stone,  and  both  color  and  texture  are  uniform  throughout. 

The  writers  believe  that  the  work  here  described  shows  progress  in  the 
development  of  concrete  and  stucco  as  materials  worthy  of  a  place  in  the 
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highest  type  of  buildings  or  structures.  It  is  to  be  noted  especially  that 
none  of  this  work  is  an  imitation  of  stone.  Close  inspection  shows  at  a 
glance  that  it  is  concrete,  with  textures  that  vary  widely,  but  always 
characteristic  of  concrete.  Furthermore,  the  material  may  be  cast  in  any 
form  the  architect  may  desire,  with  all  details  complete;  no  cutting,  tool- 
ing, or  dressing  is  required  other  than  the  prescribed  treatment  of  cleanly 
exposing  the  aggregate.  Finally,  the  material  provides  a  medium  for  the 
expression  of  color  in  infinitely  greater  variety  than  that  which  obtains  In 
the  natural  building  stones. 


FIG.    16. VESTIBULE,   PRIVATE   RESIDENCE,    WASHINGTON,    D.    C. 

Console  and   cluster  of  fruit  of  precast  concrete  set   in   place.     Moldings   of   monolithic 


concrete    (poured    in    place),    remainder    of    exposed    aggregate    stucco, 
texture  are  uniform  throughout. 


Color    and 


In  conclusion,  the  writers  would  add  a  word  about  stucco.  The  new 
type  of  exposed  aggregate  finish  cannot  fail  to  arouse  new  interest  in 
stucco,  as  a  product,  regardless  of  the  nature  and  treatment  of  the  finish- 
ing coat.  The  product  should  be  more  widely  used,  and  the  reason  it  is 
not  more  widely  used  is  that  it  has  too  often  been  applied  by  contractors 
or  mechanics  who  consider  it  only  as  an  outside  plaster.  This  paper  has 
attempted  to  convey  the  impression  that  cement  stucco  is  more  like  con- 
crete  than   plaster,   and   that  plasticity  is   not   essential.      The   point   the 
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writers  wish  to  emphasize  is  that  the  art  of  applying  durable  stucco  is 
very  different  from  the  art  of  plastering,  and,  in  their  opinion,  stucco  will 
take  the  place  it  deserves  among  building  products  only  when  this  fact  is 
generally  recognized. 


FIG.    17. — ENTRANCE   TO   VESTIBULE    SHOWN  IN    FIG.    16. 

An  excellent  example  of  the  adaptability  of  exposed  aggregate  stucco 
and  precast  concrete  of  the  same  color  and  texture  to  extreme 
architectural  requirements. 


EXAMPLES  OF  THE  APPLICATION  OF  ABRAMS'  WATER -RATIO  TO 
PROPORTIONING   CONCRETE. 

By  Stanton  Walker*: 


The  question  often  arises  as  to  which  of  two  sands  to  choose  for  use 
in  concrete.  A  coarse,  well-graded  sand  may  be  available  at  a  considerable 
expense.  Perhaps  a  finer  sand,  satisfactory  in  every  respect  except  its 
grading,  may  be  obtained  at  a  nominal  cost.  In  the  vast  majority  of  cases 
concrete  of  equal  strength  and  durability  can  be  made  from  either  sand. 
The  question  of  which  to  use  is  one  of  economy,  and  can  easily  be  answered 
if  one  is  able  to  calculate  the  proportions  which  will  give  the  same  strength 
for  both  sands. 

It  is  with  such  problems  in  mind  that  this  paper  is  written.  It  is  our 
purpose  to  point  out  the  methods  to  be  used  so  that  the  engineer  can  apply 
them  to  specific  cases,  rather  than  to  attempt  to  tabulate  the  great  diversity 
of  combinations  of  size  and  grading  of  aggregates  met  with  in  practice. 

This  study  is  based  on  results  of  tests  made  at  the  Structural 
Materials  Research  Laboratory,  Lewis  Institute,  Chicago.  Many  funda- 
mental relations  concerning  the  strength  of  concrete  have  been  discovered 
as  a  result  of  the  researches  carried  out  through  the  cooperation  of  Lewis 
Institute  and  the  Portland  Cement  Association.  Some  of  the  more  important 
of  these  relations  are  given  in  Bvriletin  1,  "Design  of  Concrete  Mixtures," 
by  Duff  A.  Abrams,  professor  in  charge  of  the  laboratory. 

Theory  of  Concrete  Mixtures. 

It  is  common  knowledge  that  the  quantity  of  cement  (the  mix),  the 
plastic  condition  of  the  concrete,  and  the  size  and  grading  of  the  aggregate, 
each  exert  an  important  influence  on  the  strength  of  the  concrete.  How- 
ever, the  role  of  each  of  these  factors  was  not  clearly  understood  until  it 
was  established  by  Professor  Abrams  that,  for  given  materials  and  condi- 
tions, the  strength  of  the  concrete  is  determined  by  the  quantity  of  mixing 
water,  so  long  as  the  concrete  is  plastic  and  the  aggregate  is  not  too  coarse 
for  the  quantity  of  cement  used.  This  has  become  known  as  the  water- 
ratio  theory.  The  water-ratio  is  defined  as  the  ratio  of  volume  of  water 
to  volume  of  cement  in  the  batch,  assuming  one  cubic  foot  of  cement  to 
weigh  94  pounds. 


*  Associate   Engineer,    Structural   Materials   Research   Laboratory.    Lewis   Institute, 
Chicago,  111. 
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Several  thousand  tests  made  at  this"  laboratory  have  shown  that  the 
relation  between  the  water  content  and  the  strength  of  the  concrete  may 
be  expressed  by  an  equation  of  the  form: 

S  =  ^L    (1) 

Bx 

Where  &  =  compressive  strength  of  concrete, 

x  =  water-ratio    ( an  exponent ) 
A  and  B  —  constants  whose  values  depend  on  the  quality  of  the 
cement  and  other  conditions  of  test. 

For  average  conditions  for  tests  made  in  this  laboratory  equation  ( 1 ) 
becomes, 

S=™™ (2) 

7X 

Where  S  =  compressive  strength  of  concrete  expressed  as  lb.  per 
•   sq.  in.,  after  28  days'  storage  in  a  damp  place. 

From  the  above  equation  it  will  be  seen  that  the  compressive  strength 
increases  as  the  water-ratio  decreases.  It  should  be  borne  in  mind  that 
these  constants  were  determined  for  definite  conditions  of  test.  It  would 
not  be  expected  that  the  same  constants  would  be  found  for  tests  made  in 
other  laboratories,  although  the  form  of  the  equation  should  be  the  same. 

It  will  be  seen  that  the  water-ratio  of  a  batch  of  concrete  may  be 
reduced  by: 

( 1 )  Increasing  the  quantity  of  cement, 

(2)  Using  an  aggregate  of  coarser  size  or  grading, 

(3)  Making  the  concrete  drier. 

Therefore,  in  accordance  with  the  water -ratio  theory,  the  strength  of 
concrete  is  increased  by: 

( 1 )  Increasing  the  cement  content, 

(2)  Using  coarser  aggregates   (so  long  as  they  are  not  too  coarse 
for  the  quantity  of  cement  used), 

(3)  Using  less  water   (so  long  as  sufficient  water  is  used  to  pro- 
duce a  plastic  mix ) . 

Explanation  of  Terms. 

The  term  concrete  is  used  to  include  what  are  generally  referred  to 
as  mortar  mixtures.  The  distinction  between  mortar  and  concrete  is 
purely  arbitrary  and  depends  only  on  the  size  of  the  aggregate.  The 
proportions  of  cement  and  aggregate  in  concrete  are  most  conveniently 
expressed  as  the  ratio  of  the  volume  of  cement  to  the  volume  of  mixed 
aggregate,  with  cement  expressed  as  unity.  In  all  of  the  recent  studies 
made   at  this  laboratory   the   mixtures   have  been   expressed   in  this  way, 


Application  of  Abrams'  Water-Ratio.  89 

since  the  proportions  expressed  in  the  usual  way  (volumes  of  cement,  fine 
aggregate  and  coarse  aggregate)  introduce  a  second  variable — the  grading 
of  the  aggregate. 

We  have  therefore  designated  as  the  Nominal  Mix  the  quantities  as 
they  are  usually  expressed  in  practice,  1:2:3,  1:2:4,  etc.,  and  as  the 
Real  Mix  the  quantities  as  they  are  expressed  in  the  new  way,  1:4,  1:5, 
etc.  For  example,  the  Nominal  Mix  1:2:3  expressed  as  a  Real  Mix 
would  he  about  1  :  4.3 ;  in  other  words,  two  volumes  of  fine  and  three 
volumes  of  coarse  aggregate  shrink  about  15%  when  mixed.  The  method 
of  calculating  the  reduction  in  volume  will  be  made  clear  below. 

The  size  and  grading  of  the  aggregate  have  long  been  recognized  as 
exerting  an  important  influence  on  the  strength  of  concrete.  Various 
attempts  have  been  made  to  designate  this  function  in  a  quantitative 
manner,  generally  using  the  sieve  analysis  of  the  aggregate. 

Careful  studies  made  at  this  laboratory  have  shown  that  the  sieve 
analysis  is  the  proper  basis  for  proportioning  aggregate  in  concrete.  Pro- 
fessor Abrams  has  developed  a  function  known  as  Fineness  Modulus  which 
gives  a  numerical  measure  of  the  size  and  grading  of  the  aggregate  and 
properly  interprets  its  relation  to  the  water  content  of  the  concrete. 

The  Fineness  Modulus  is  the  sum  of  the  percentages  in  the  sieve 
analysis  divided  by  100,  if  the  sieve  analysis  is  expressed  as  per  cents 
coarser  than  the  following  sieves: 

Sieve  No.  100       48       28       14  8         4       %     %   \y2 

Size  of  square  opening,  in.  0.0058  0.0116  0.023  0.046  0.093  0.186  0.37  0.75  1.5 

The  sieves  are  of  square-mesh  wire  cloth,  manufactured  by  The  W.  S. 
Tyler  Co.,  Cleveland,  Ohio.  The  size  of  the  wire  is  such  that  each  sieve  has 
square  openings  double  those  of  the  preceding  sieve. 

A  close  approximation  of  the  fineness  modulus  may  be  obtained  from 
a  sieve  analysis  made  on  alternate  sieves:  No.  48,  14,  4  and  %-in.,  etc.  The 
percentages  for  the  omitted  sieves  may  be  determined  by  interpolation  from 
an  analysis  curve.     This  forms  a  very  convenient  set  of  sieves  for  field  use. 

A  few  trial  calculations  will  show  that  the  fineness  modulus  becomes 
greater  as  the  aggregate  becomes  coarser  and  that  the  same  fineness 
modulus  may  be  obtained  from  an  infinite  number  of  sieve  analyses.  Our 
tests  have  shown  that  aggregates  having  the  same  fineness  modulus  will 
produce  concrete  of  the  same  strength,  no  matter  what  the  path  of  the 
sieve  analysis  curve,  so  long  as  other  conditions  are  equal,  and  the  aggre- 
gate is  not  too  coarse  for  the  quantity  of  cement  used.     (See  Table  1.) 

The  fineness  modulus  of  a  mixture  of  two  or  more  aggregates  and 
also  the  proportions  in  which  to  mix  them  to  make  a  given  fineness 
modulus  may  be  calculated  from  the  fineness  moduli  of  the  individual 
materials. 
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table  1 
maximum  permissible  values  of  fineness  modulus  of 
aggregates. 

For  mixes  other  than  those  given  in  the  table,  use  the  values  for  the  next  leaner 
mix. 

For  maximum  sizes  of  aggregate  other  than  those  given  in  the  table,  use  the 
values  for  the  next  smaller   size. 

Fine  aggregate  includes  all  material  finer  than  No.  4  sieve;  coarse  aggregate 
includes  all  material  coarser  than  the  No.  4  sieve. 

This  table  is  based  on  the  requirements  for  sand-and-pcbblc  or  gravel  aggregate 
composed  of  approximately  spherical  particles,  in  ordinary  uses  of  concrete  in  rein- 
forced concrete  structures.  For  other  materials  and  in  other  classes  of  work  the 
maximum  permissible  values  of  fineness  modulus  for  an  aggregate  of  a  given  size 
is  subject  to   the  following  corrections: 

(1)  If  crushed  stone  or  slag  is  used  as  coarse  aggregate,  reduce  values  in  table 
by  0.25.  For  crushed  material  consisting  of  unusually  flat  or  elongated  particles, 
reduce  values   by  0.40. 

(2)  For  pebbles  consisting  of  flat  particles,  reduce  values  by  0.2S. 

(3)  If  stone  screenings  are  used  as  fine  aggregate,  reduce  values  by  0.25. 

(4)  For  the  top  course  in  concrete  roads,  reduce  the  values  by  0.25.  If  finishing 
is  done  by  mechanical  means,  this  reduction  need  not  be  made. 

(5)  In.  work  of  massive  proportions,  such  that  the  smallest  dimension  is  larger 
than  10  times  the  maximum  size  of  the  coarse  aggregate,  additions  may  be  made 
to  the  values  in  the  table  as  follows:  For  J4-in.  aggregate  0.10;  for  lj^-in.  0.20;  for 
3-in.  0.30;  for  6-in.  0.40. 

Sand  with  fineness  modulus  lower  than  1.50  is  undesirable  as  a  fine  aggregate 
in   ordinary   concrete   mixes.      Natural   sands  of   such   fineness   are   seldom   found. 

Sand  or  screenings  used  for  fine  aggregate  in  concrete  must  not  have  a  higher 
fineness  modulus  than  that  permitted  for  mortars  of  the  same  mix.  Mortar  mixes 
are  covered  by  the  table  and   by    (3)    above. 

Crushed  stone  mixed  with  both  finer  sand  and  coarser  pebbles  requires  no 
reduction  in  fineness  modulus  provided  the  quantity  of  crushed  stone  is  less  than 
30%  of  the  total  volume  of  the  aggregate. 


Mix, 
Cement- 
Aggregate. 


12 
9. 
7. 
6. 
5. 
4. 
3. 
2. 
1. 


Size  of  Aggregate. 


0  to 

0  to 

No. 

No. 

28 

14 

1.20 

1.80 

1.30 

1.85 

1.40 

1.95 

1.50 

2.05 

1.60 

2.15 

1.70 

2.30 

1.85 

2.50 

2.00 

2.70 

2.25 

3.00 

0  to 
No. 


2.40 
2.45 
2.55 
2.65 
2.75 
2.90 
3.10 
3.40 
3.80 


0  to 

No. 

4 


2.95 
3.05 
3.20 
3.30 
3.45 
3.60 
3.90 
4.20 
4.75 


0  to 
No. 
3* 


3.35 
3.45 
3.55 
3.65 
3.80 
4.00 
4.30 
4.60 
5.25 


0  to 

0  to 

0  to 

V* 

\/ 

H 

in. 

in.* 

in. 

3.80 

4.20 

4.60 

3.85 

4.25 

4.65 

3.95 

4.35 

4.75 

4.05 

4.45 

4.85 

4.20 

4.60 

5.00 

4.40 

4.80 

5.20 

4.70 

5.10 

5.50 

5.05 

5.45 

5.90 

5.60 

6.05 

6.50 

0  to 
1 


5.00 
5.00 
5.15 
5.25 
5.40 
5.60 
5.90 
6.30 
6.90 


0  to 


5.35 

5.40 
5.55 
5.65 
5.80 
6.00 
6.30 
6.70 
7.35 


0  to 

2.1 


5.75 
5.80 
5.95 
6.05 
6.20 
6.40 
6.70 
7.10 
7.75 


0  to 
•3 


6.20 
6.25 
6.40 
6.50 
0  60 
6.85 
7.15 
7.55 
8.20 


0  to 
1.H 


6.60 
6.65 
6.80 
6.90 
7.00 
7.25 
7.55 
7.95 
8.65 


0  to 


7.00 
7.05 
7.20 
7.30 
7.45 
7.65 
8.00 
8.40 
9.10 


*  Considered  as  "half-size"  sieves;  not  used  in  computing  fineness  modulus. 
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The  fineness  modulus  of  a  mixture  of  two  or  more  aggregates  may  be 
calculated  from  the  following  formula: 

m  =  n  mi  +  n  m%  + +  rn  mn (3) 

Where  m  —  fineness  modulus  of  the  mixed  aggregate, 
m15  m2, mn   are  the  fineness  moduli  of  the  individual  aggre- 
gates, 

ri,  r-2, rn    are    the    volumes    of    the    individual    aggregates 

expressed  as  ratios  to  the  sum  of  the  separate 
volumes  of  the  total  aggregate. 

To  determine  the  proportions  in  which  to  mix  two  aggregates  of  known 
fineness  moduli  to  obtain  a  given  fineness  modulus,  use  the  following 
formula : 

r=m°~m     (4) 

mc  —  ?rif 

Where    r  =  ratio  of  volume  of  fine  aggregate  to  sum  of  separate 
volumes  of  fine  and  coarse  aggregate, 
mc  =  fineness  modulus  of  coarse  aggregate, 
in/  =  fineness  modulus  of  fine  aggregate, 
m  =  fineness  modulus  of  mixed  aggregate. 

To  determine  the  proportions  in  which  to  mix  three  or  more  materials 
to  obtain  a  given  fineness  modulus  the  solution  must  be  made  in  steps 
involving  only  two  aggregates  at  a  time.  The  method  to  be  followed  is  illus- 
trated in  Problem  5.  It  will  be  noted  from  the  above  equations  that  the 
fineness  modulus  of  a  mixed  aggregate  is  directly  proportional  to  the  fine- 
ness moduli  of  the  individual  aggregates  and  the  proportions  in  which  they 
occur. 

It  was  pointed  out  above  that  the  aggregate  must  not  be  too  coarse  for 
the  mix  used.  Table  1  gives  the  maximum  value  of  fineness  modulus  which 
it  is  permissible  to  use  with  a  given  aggregate  for  different  quantities  of 
cement.  This  table  was  compiled  as  a  result  of  observations  on  several 
thousand  tests  in  which  the  size  and  grading  of  the  aggregate  were  varied 
over  a  wide  range. 

The  plastic  condition  of  the  concrete  is  designated  in  this  paper  by  the 
term  relative  consistency.  A  concrete  of  normal  consistency  (relative 
consistency  =  1.00)  is  of  such  plasticity  that  a  6x  12-in.  cylinder  of  con- 
crete will  slump  y2  to  1  in.  upon  removal  of  the  metal  form  by  a  steady 
upward  pull  immediately  after  molding  the  specimen.  Concrete  of  a  rela- 
tive consistency  of  1.10  will  slump  5  to  6  in.;  of  1.25  will  slump  8  to  9  in. 
If  the  slump  specimen  is  molded  in  a  4  x  8-in.  truncated  cone  12  in.  long 
the  slumps  for  the  above  consistencies  will  be  about  ^4  to  %,  3  to  4,  and 
6  to  7  in.,  respectively. 

Concrete  of  a  relative  consistency  of  1.00  is  somewhat  dry  for  most 
work,  but  can  be  used  where  tamping  is  practicable.     A  relative  consistency 
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of  1.10  represents  concrete  that  can  be  used  in  road  construction  where 
finishing  is  done  by  hand;  a  somewhat  drier  consistency  may  be  used  where 
the  finishing  is  done  by  machine.  A  relative  consistency  of  1.25  is  about 
the  wettest  that  need  be  used  in  reinforced  concrete  construction. 

The  term  relative  consistency  should  not  be  confused  with  the  water- 
ratio.  The  relative  consistency  refers  to  the  plastic  condition  of  the  con- 
crete without  reference  to  the  actual  quantity  of  water  in  the  batch;  while 
the  water-ratio  refers  to  the  actual  quantity  of  water  (as  compared  with 
the  cement),  and  takes  no  account  of  the  plasticity  of  the  concrete. 

The  dependency  of  the  water-ratio  on  the  mix,,,  size  and  grading  of  the 
aggregate,  and  relative  consistency  of  the  concrete  was  pointed  out  above. 
It  is  therefore  important  to  be  able  to  express  this  relation  in  mathematical 
terms.  The  following  equations  for  water-ratio  are  the  same  as  those 
appearing  in  Bulletin  1  with  one  minor  change;  the  term  (a — c)n  is 
removed  from  the  brackets  inclosing  the  quantity  multiplied  by  R. 

^)  +(a-c)n (5) 

k2"        1.26w/ 

Where  %  =  volume  of  water  required    ( ratio  to  volume  of  cement 

in  batch — cement  assumed  to  weigh  94  lb.  per  cu.  ft.) 

R  —  relative     consistency     of     concrete      (or     "workability 

factor" ) 
_p ,=  normal  consistency  of  cement  (ratio  by  weight) 
m  =  fineness  of  modulus  of  aggregate   (an  exponent) 
n  —  volumes  of  mixed  aggregate  to  one  of  cement  (the  mix) 
a  =  absorption  of  dry  aggregate    ( ratio  of  water  absorbed 
to  volume  of  aggregate).    Determine  a,  after  imm&r- 
sion  in  water  for  3  hr.     Average  values  for  crushed 
limestone    and    pebbles    may   be    assumed    as    0.02 ; 
porous   sandstone  may   reach   0.08 ;    very  light  and 
porous  aggregate  may  reach  0.25. 
e  —  moisture  contained  in  aggregate    ( ratio  of  water  con- 
tained to  volume  of  aggregate).     Assume  c  =  zero 
for  room-dry  aggregate. 

It  will  be  seen  that  (a-c)  is  the  absorption  of  the  aggregate  as  used,  or 
the  net  absorption.  It  should  be  noted  that  for  practical  purposes  the 
absorption  of  the  aggregate  need  not  be  determined.  However,  it  is  impor- 
tant to  make  this  correction  when  tests  are  being  made  on  aggrgates  of 
different  types,  and  in  establishing  the  underlying  principles. 

For  the  usual  ranges  in  fineness  modulus  essentially  the  same  results 
will  be  obtained  from  a  somewhat  simpler  formula : 


=B[?p  +  (.22-|)»]+(&-c)». 


(6) 


The    water-ratio,    the    function    which    governs    the    strength,    is    the 
amount  of  water  which  goes  to  the  cement  as  distinguished  from  the  total 
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quantity  of  water  including  that  absorbed  by  the  aggregate.  It  may  be 
determined  from  either  of  the  above  equations  by  omitting  the  quantity 
( a — c )  n  from  the  formulas. 

It  is  necessary  to  determine  the  unit  weights  of  the  fine,  coarse  and 
mixed  aggregate  in  order  to  be  able  to  transform  proportions  expressed 
in  the  usual  manner  to  the  more  correct  expression  represented  by  the 
Real  Mix.  The  weight  of  the  aggregate  in  pounds  per  cubic  foot  is  used 
in  the  calculations  which  follow.  The  unit  weight  is  determined  by 
means  of  a  cylindrical  measure  having  height  equal  to  diameter.  The 
measure  is  filled  with  the  aggregate  in  three  layers.  Each  layer  is  puddled 
25  to  30  times  with  a  %-in.  round  steel  bar,  pointed  at  the  lower  end. 
After  the  last  layer  is  puddled  the  measure  is  heaped  and  the  surplus 
aggregate  struck  off  with  a  straight  edge.  Measures  having  capacities  of 
1/10  cu.  ft.  or  more  may  be  used  for  fine  aggregates.  For  the  coarse  and 
mixed  aggregates  measures  of  not  less  than  y5  to  %  cu.  ft.  should  be  used. 
This  is  the  method  recommended  by  Committee  C-9  of  the  American  Society 
for  Testing  Materials. 


Problems  in  Design  of  Concrete  Mixtures. 

In  the  following  pages  a  few  examples  of  the  application  of  Professor 
Abrams'  water-ratio  theory  to  the  design  of  concrete  mixtures  are  given, 
using  the  principles  which  have  been  outlined  above.  Most  problems  in 
the  design  of  concrete  mixtures  can  be  solved  with  a  reasonable  degree 
of  accuracy  from  Fig.  1  or  Equations  2  and  5  or  6  if  the  proportions  are 
reduced  to  the  proper  units. 

Fig.  1  is  a  nomographic  chart  shpwing  the  interrelation  of  quantity 
of  cement,  grading  of  aggregate,  consistency  and  strength  of  concrete  as 
expressed  by  Equations  2  and  5.  The  use  of  the  chart  is  made  clear  in  the 
problems  which  follow. 

Let  us  emphasize,  before  proceeding  with  the  problems,  that  in  order 
to  study  a  concrete  mixture  intelligently  it  is  desirable  to  express: 

(1)  Proportions  of  cement  and  aggregate  as  a  ratio  of  vol- 
ume of  cement  to  the  volume  of  aggregate  with  cement  expressed 
as  unity   (mix  1  :  4,  1  :  5,  etc.). 

(2)  The  size  and  grading  of  the  aggregate  by  some  finite 
number.  The  studies  at  this  laboratory  have  shown  the  fineness 
modulus  to  be  the  best  measure  of  this  quantity. 

(3)  The  plastic  condition  of  the  concrete  as  a  ratio  to  the 
normal  plasticity  (relative  consistency  =  1.00). 
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FIG.   1.     DIAGRAM  FOR  THE  DESIGN   OF  CONCRETE  MIXTURES. 

Same  as  Fig.  6,   Bulletin   No.    1,   Structural  Materials  Research   Laboratory. 

This  chart  is   based    on   compression   tests  by   6   by    12-inch   concrete   cylinders;    age 
28  days;  stored  in  damp  sand. 

The    cement    used    gave    compressive    strengths    in    1:3    standard    sand    mortar    as 
follows,  when  tested  in  the  form  of  2  x  4-in.  cylinders: 

Age  Lb.   per   Sq.   In. 

7   days    1,900 

28    days    3,200 

3    months    4,200 

1  year 4,300 
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A  study  of  Equation  5  will  show  that  these  three  factors  fix  the  water- 
ratio.  Therefore,  while  the  water-ratio  does  not  appear  as  such  in  Fig.  1, 
it  is  taken  into  account  through  the  interrelation  of  these  factors. 


Problem  1. 

Given  a  fine  and  a  coarse  sand.  In  what  proportions  must 
the  fine  sand  be  mixed  to  give  the  same  strength  as  would  be 
obtained  with  the  coarse  sand  in  a  1  :  2  :  3%  mix?  The  same 
coarse  aggregate  (graded  No.  4-1  %  in.),  cement  and  relative  con- 
sistency will  be  used  in  each  case. 

Solution:  From  the  water.-ratio  theory  it  will  be  seen  that  if  the  fine 
sand  is  mixed  with  the  pebbles  in  the  proper  proportions  to  give  the  same 
fineness  modulus  as  2  volumes  of  the  coarse  sand  mixed  with  3%  volumes 
of  the  pebbles  that  the  same  strength  will  be  obtained  for  the  same  real 
mix  and  relative  consistency. 

It  is  therefore  necessary  to  find  what  real  mix  represents  the  1:2:3% 
mix,  and  to  calculate  the  fineness  modulus  of  a  mixture  of  the  coarse  sand 
and  pebbles  in  these  proportions,  and  the  proportions  in  which  to  mix  the 
fine  sand  and  pebbles  to  give  the  same  fineness  modulus.  The  same  real 
mix  would  be  used  with  the  fine  sand  mixture;  from  the  real  mix  and  the 
weights  of  the  aggregates  the  nominal  mix  may  be  determined. 

On  making  sieve  analyses  and  unit  weight  determinations,  say,  we  find 
that: 

Fineness  modulus  of  fine  sand  —  2.50 

Unit  weight  of  fine  sand  —  105  lb.  per  cu.  ft. 

Fineness  modulus  of  coarse  sand  =  3.25 

Unit  weight  of  coarse  sand  =114  lb.  per  cu.  ft. 

Fineness  modulus  of  pebbles  —  7.30 

Unit  weight  of  pebbles  =110  lb.  per  cu.  ft. 

Unit  weight   of  mixture  of  coarse  sand  and 

pebbles   in   proportions   of   2   volumes   of 

sand,  3%  volumes  of  pebbles  —  128  lb.  per  cu.  ft. 

First  investigate  the  1:2:  3%  mix,  using  the  coarse  sand. 

The  total  weight  of  aggregate  for  one  cubic  foot  of  cement  divided  by 
the  unit  weight  of  the  mixed  aggregate  will  give  the  volume  of  mixed 
aggregate,  or 

2  X  114  +  3.5  X  HO        613 

—  =    „.-,   =  4.8  cu.  ft.  of  mixed  aggregate  for 
128  128  °°     ° 

one  cubic  foot  of  cement.     The  real  mix  is  then  1  :  4.8. 
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The  ratio  of  volume  of  sand  to  the  separate  volumes  of  fine  and  coarse 
aggregate  for  the  1:2:  3.5  mix  is 

2 

=  0.36 


2  +  3.5 

Therefore  ,from  Equation  3  the  fineness  modulus  of  the  mixed  aggregate 
will  be  0.36  X  3.25  -f  0.64  X  7.30  =  5.83. 

It  will  be  noted  from  Table  1  that  this  value  of  fineness  modulus  is 
just  within  the  limit  for  sand  and  pebbles  in  a  1  :  4.8  mix. 

Calculate  the  proportions  in  which  the  mixture  of  fine  sand  and  the 
pebbles  will  give  a  fineness  modulus  of  5.83  by  substituting,  in  Equation  4, 


7.30  —  5.83 


0.31;    or  0.31   cu.   ft.  of  fine  sand  mixed  with  0. 


7.30  —  2.50 
cu.  ft.  of  pebbles  will  have  a  fineness  modulus  of  5.83. 

It  is  next  necessary  to  determine  the  volume  of  mixed  aggregate  which 
will  be  obtained  by  mixing  0.31  cu.  ft.  of  fine  sand  and  0.69  cu.  ft.  of 
pebbles  in  order  to  calculate  the  nominal  mix  from  the  real  mix. 

0.31  cu.  ft.  of  the  fine  sand  weighs     33  lb, 
0.69  cu.  ft.  of  the  pebbles  weighs     76  lb. 

Total   109  lb. 

Say  the  unit  weight  of  the  mixture  of  fine  sand  and  pebbles  is  found 
to  be  126  lb.  per  cu.  ft.  The  weight  of  fine  sand  and  pebbles  divided  by 
the  unit  weight  of  the  mixed,  aggregate  or 

109 

—  =  0.86  cu.  ft.  of  mixed  aggregate,  obtained  by  mixing  0.31  cu.  ft. 

126 

of  sand  and  0.69  cu.  ft.  of  pebbles. 

The  real  mix  would  be  the  same  as  above;  therefore  4.8,  the  volume  of 
mixed  aggregate  for  one  cu.  ft.  of  cement  is  0.86  of  the  separate  volumes 
of  sand  and  pebbles. 

Then 

4.8 

=z  5.6  cu.  ft.  of  sand  and  pebbles  (not  mixed)   for  one  cu.  ft. 

0.86 

of  cement. 

Then  the  volume  of  sand  is  0.31  X  5-6  =  1.73  cu.  ft. 

And  the  volume  of  pebbles  is  0.69  X  5.6  =  3.85  cu.  ft.  for  one  cu.  ft. 
of  cement. 

The  nominal  mix  is  then  1  :  1.73  :  3.85. 

Or  a  1  :  1.73  :  3.85  mix  using  the  fine  sand  should  give  the  same 
strength  as  a  1  :  2  :  3.5  mix  using  the  coarse  sand. 
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Problem  2. 

Find  the  probable  compressive  strength  at  28  days  of  a 
1:2:4  concrete  made  from  a  given  sand  and  pebble  aggregate 
and  mixed  to  a  consistency  suitable  for  reinforced  concrete  con- 
struction.    (Relative  consistency  1.25.) 

Solution:  This  information  can  be  obtained  from  either  Fig.  1  or 
Equations  2  and  5,  if  the  real  mix  and  the  fineness  modulus  of  the  mixed 
aggregate  are  calculated.  In  order  to  do  this,  it  is  necessary  to  make 
sieve  analyses  of  the  fine  and  coarse  aggregate,  and  unit  weight  deter- 
minations for  the  fine,  coarse  and  mixed  aggregate.  Say  that  our  teste 
show  that: 

Fine  aggregate,  graded  0-No.  4  sieve,  fineness  modulus  =  3.10 

Unit  weight  of  fine  aggregate  =  112  lb.  per  cu.  ft. 

Coarse  aggregate,  graded  No.  4-1 V2  in-  fineness  modulus  =  7.00 

Unit  weight  of  coarse  aggregate  =  110  lb.  per  cu.  ft. 

Unit  weight  of  mixed  aggregate  =  127  lb.  per  cu.  ft. 

The  real  mix  will  be  found,  by  calculating  the  volumes  of  mixed 
aggregate  for  one  volume  of  cement  as  in  Problem  1. 

The  volumes  of  sand  times  its  unit  weight  —  2  X  112  =  224  lb.  of 
sand  for  one  cu.  ft.  of  cement. 

The  volumes  of  pebbles  times  its  unit  weight  =4  yllOz:  440  lb. 

Total  weight  of  aggregate  for  one  cu.  ft.  of  cement  =  664  lb. 

The  volume  of  mixed  aggregate  for  one  cu.  ft.  of  cement  will  be  the 

664 

total  weight  of  aggregate  divided  by  its  unit  weight  or   =5.2  cu.  ft. 

The  real  mix  is  then  1  :  5.2. 

The  ratio  of  the  volume  of  sand  to  the  separate  volumes  of  sand  and 
2  .                                                                                                    4 
pebbles  is     =  0.33 ;  and  the  ratio  of  volumes  of  pebbles  is   4- 

2+4  *  2+4       ' 

0.67.     Then  from  Equation  3  the  fineness  modulus  of  the  mixture  is 


0.33  X  3.10  4-  0.67  X  7.00  =  5.71. 


We  now  have  the  information  necessary  to  obtain  the  strength  of  the 
concrete  from  either  Fig.  1  or  Equations  2  and  5. 

From  Fig.  1.  Draw  a  straight  line  from  the  point  on  the  mix  scale 
representing  a  mix  of  1  :  5.2  through  5.71  on  the  fineness  modulus  scale 
until  it  intersects  the  reference  line  for  consistency.  From  this  point  draw 
a  horizontal  line  to  the  vertical  line  representing  a  relative  consistency  of 
1.25.     This  intersection  gives  the  strength — about  2200  lb.  per  sq.  in. 

From  Equations  2  and  5.  Determine  the  water -ratio  by  substituting 
in  Equation  5  and  solve  for  the  strength  from  Equation  2.  Assume  the 
cement  to  have  a  normal  consistency  of  .22. 
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.   Then  x  —  1.25  /3  29  +  -30  X  5.2\  _  Q  9- (Equation  5) 

\2'  1.265-71    / 

and  8  =  1400°  =  2200  lb.  per.  sq.  in (Equation  2) 

70-95 

It  should  be  emphasized  here  that  the  constants  in  Equation  2  depend 
on  definite  conditions  of  test.  While  other  experimenters  should  get  the 
same  relation  they  should  not  expect  to  obtain  the  same  values. 


Problem  3. 

Mix  the  aggregates  given  in  Problem  2  with  cement  and  water 
in  such  proportions  as  to  give  concrete  having  a  strength  of  3000 
lb.  per  sq.  in.  in  Fig.  1  for  a  relative  consistency  of  1.10. 

Solution :  A  cut  and  try  method  must  be  used  for  this  problem.  Table 
1  gives  the  maximum  permissible  fineness  modulus  for  a  given  mix  and  size 
of  aggregate.  Since  these  values  are  near  the  upper  limit  for  sand  and 
pebbles  we  will  choose  a  fineness  modulus  .25  below  the  maximum  permissi- 
ble value. 

From  the  intersection  of  the  3000-lb.  contour  with  the  1.10  relative 
consistency  line  in  Fig.  1  draw  a  horizontal  line  to  the  reference  line  for 
consistency.  With  this  point  as  a  center,  rotate  a  straight  edge  until  such 
a  position  is  found  that  it  passes  through  a  fineness  modulus  which  is 
0.25  lower  than  the  maximum  permissible  for  the  mix  given  by  the  inter- 
section on  the  mixture  ordinate.  For  the  conditions  given  the  fineness 
modulus  is  found  to  be  5.70  and  the  mix  1  :  4.5. 

We  next  calculate  the  ratio  of  volume  of  sand  to  the  sum  of  separate 
volumes  of  fine  and  coarse  aggregates  from  Equation  4. 

7.00  —  5.70 
r  —  -  -   =  0.333 

7.00  —  3.10 

Now  determine  the  number  of  cubic  feet  of  mixed  aggregate  obtained 
from  0.333  cubic  foot  of  sand  and  0.667  cubic  foot  of  pebbles. 

0.333  X  H2  +  0.667  X  110  =  111  lb.,  the  weight  of  0.333  cu.  ft.  of 
sand  and  0.667  cu.  ft.  of  pebbles. 

The  unit  weight  of  the  mixed  aggregate  in  the  above  proportions  is, 
say,  127  lb.  per  cu.  ft. 

Ill 

Then =  0.875  cu.  ft.  of  mixed  aggregate  obtained  by  mixing  0.333 

127 

cu.  ft.  of  sand  and  0.667  cu.  ft.  of  pebbles. 

Therefore  4.5  is  0.875  of  the  separate  volumes  of  sand  and  pebbles 
required  for  one  cubic  foot  of  cement  in  the  above  mix. 
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4.5 

The  volume  of  unmixed  aggregate  is  therefore  —      -    =5.15  cu.  ft.  of 
66     6  0.875 

sand  and  pebbles  measured  separately. 

The  volume  of  sand  is  0.333  X  5.15  =  1.72  cu.  ft. 

The  volume  of  pebbles  is  0.667  X  5.15  =  3.44  cu.  ft. 

The    nominal    mix    which    will    give    the    required    strength    is    then 
1  :  1.72  :  3.44. 

Problem  4. 

Given  a  pit  containing  a  well-graded  0-No.  4  sand  and  a  well- 
graded  No.  4-1  y»  in.  pebbles.  The  material  occurs  in  the  propor- 
tions of  60%  sand  and  40%  pebbles. 

What  mix  must  be  used  with  the  aggregates  in  the  propor- 
tions in  which  they  occur  in  the  pit  to  obtain  the"  same  strength  as 
with  a  1  :  2  :  3  mix? 

Solution:    This    problem   involves    methods    similar    to    those    used    in 
preceding  problems.     Say  it  is  found  that 

Fineness  modulus  of  sand       =  3.00 

Unit  weight  of  sand  =112  lb.  per  cu.  ft. 

Fineness  modulus  of  pebbles=  7.00 

Unit  weight  of  pebbles  =110  lb.  per  cu.  ft. 

Unit  weight  of  mixed  aggregate  in  the  1:2:3  mix  =127  lb.  per 

cu.  ft. 
Unit  weight  of  aggregate  in  proportions  of  60%   sand  and  40% 

pebbles  =  124  lb.  per  cu.  ft. 
2 
— — -  =  0.40  =  ratio  of  volume  of  sand  to  separate  volumes  of  fine 

LJ      —J-      O 

and  coarse  aggregates  in  the  1:2:3  mix. 

0.40  X  3.00  -f  0.60  X  7.00  =5.40  =  fineness    modulus    of    aggregate    in 
the  1  :  2  :  3  mix. 

2  X  H2  +  3  X  110 


127 


:4.36:  or  the  real  mix  =  1  :  4.36. 


The  fineness  modulus  of  aggregate  in  the  proportions  occurring  in  the 
pit  is,  from  Eq.  3,  0.60  X  3.00  +  0.40  X  7.00  =  4.60. 

In  Fig.  1  pass  a  straight  edge  through  a  real  mix  of  1  :  4.36  and  a  fine- 
ness modulus  of  5.40.  Find  the  intersection  on  the  reference  line  for 
consistency.  With  this  point  as  a  center  rotate  the  straight  edge  until  it 
passes  through  fineness  modulus  4.60.  The  intersection  on  the  mix 
ordinate  will  give  the  real  mix,  1  :  3.7,  which  will  produce  the  same  strength 
with  the  material  in  the  proportions  in  which  they  occur  in  the  pit,  as  the 
1:2:3  mix. 


100  Application  of  Abrams'  Water-Ratio. 

The  nominal  mix  is  calculated  as  in  Problem  1,  as  follows: 

0.60  X  112  +  0.40  X  HO 

—  0.895  cu.  ft.  of  mixed  aggregate 

124 

obtained  by  mixing  0.60  cu.  ft.  of  sand  and  0.40  cu.  ft.  of  pebbles. 

3.7 

Then  =4.14  cu.  ft.  of  unmixed  aggregate  per  cu.  ft.  of  cement. 

0.895 

The  volume  of  sand  for  1  cu.  ft.  of  cement  is  4.14  X  0-60  =  2-48  cu.  ft. 

The  volume  of  pebbles  is  4.14  X  0-40  =  1.65  cu.  ft. 

The  nominal  mix.  using  the  materials  in  the  proportions  in  which  they 
occur  in  the  pit,  which  will  give  the  same  strength  as  the  1:2:3  mix,  is 
then  1  :  2.48  :  1.65. 

Problem  5.  ' 

Given  the  following  four  aggregates: 

1 — A  fine  sand,  having  a  fineness  modulus  of  1.20. 
2 — A  coarse  sand,  graded  No.  8  to  No.  4-mesh  sieve,  having  a  fine- 
ness modulus  of  5.00. 
3 — A  gravel  graded  No.  4  to  %  in.  having  a  fineness  modulus  of 

6.50. 
4 — A  gravel  graded  No.  %  to  1%  in.  having  a  fineness  modulus  of 
8.00. 
Mix  these  aggregates  in  a  rational  manner  to  obtain  a  fine- 
ness modulus  of  5.75. 

Solution:  For  this  problem  no  hard  and  fast  rules  may  be  laid  down. 
It  permits  of  an  infinite  number  of  solutions  and  the  engineer  must  exer- 
cise judgment  as  to  which  is  the  best  in  each  specific  case.  Information 
obtained  from  observation  or  elsewhere  tells  us  that  the  average  well- 
graded  sand,  passing  through  a  No.  4-mesh  sieve  has  a  fineness  modulus 
of  about  3.00  and  that  the  average  well-graded  pebbles  sized  between  a 
No.  4  sieve  and  1%  in.  has  a  fineness  modulus  of  about  7.00. 
Then  the  desired  result  may  be  obtained  as  follows: 
The  proportions  in  which  to  mix  the  two  sands  to  give  a  fineness 
modulus  of  3.00  may  be  determined  by  substituting  in  Equation  4. 

5.00  —  3.00 

Then  r  = =  0.53 :  or  aggregates  No.  1  and  2,  mixed  in  the 

5.00  —  1.20  6    s 

proportions  of  0.53  volumes  of  No.  1  and  0.47  volumes  of  No.  2  will  give  a 

fine  aggregate  having  a  fineness  modulus  of  3.00. 

In  like  manner  determine  the  proportions  in  which  to  mix  the  coarse 
aggregates  to  give  a  fineness  modulus  of  7.00. 
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8.00  —  7.00 

Then   r  =  =  0.67 ;    or   aggregates   No.   3   and   4,   mixed   in 

8.00  —  6.50  e     8 

proportions  of  0.67  volumes  of  No.  3  and  0.33  volumes  of  No.  4  will  give  a 
coarse  aggregate  having  a  fineness  modulus  of  7.00. 

The  proportions  in  which  to  mix  the  resulting  fine  and  coarse  aggre- 
gates are  found  from  the  same  equation. 

7.00  —  5.75 

r  = =  0.31 ;  or  0.31  volumes  of  the  mixture  of  Nos.  1  and  2, 

7.00  — 3.00 

and   0.69   volumes   of  the  mixture  of  Nos.   3   and   4  will   give  the   desired 

fineness  modulus  of  5.75. 

The  individual  ratios  of  the  whole  will  then  be : 

Volumes  of    aggregate  No.  1=0.31x0.53  =  0.165 

Volumes  of    aggregate  No.  2  =  0.31x0.47  =  0.147 

Volumes  of    aggreate  No.  3  =  0.69  X  0-67  =  0.460 

Volumes  of    aggregate  No.  4  =  0.69  X  0-33  =  0.228 

Problem  6. 

Relative  Costs  of  Different  Mixtures. — The  application  of  the  prin- 
ciples illustrated  in  the  foregoing  problems  to  the  calculation  of  the  rela- 
tive costs  of  different  mixtures  should  be  apparent. 

Other  than  the  cost  of  materials,  information  is  needed  on  one  other 
factor,  the  volume  of  concrete  produced  by  given  volumes  of  materials — 
the  "yield"  or  "over-run."  This  quantity  should  be  determined  experi- 
mentally. 

As  an  illustration  let  us  compare  the  cost  of  the  two  mixtures  given 
in  problem  4.  The  following  quantities  should  not  be  confused  with  sim- 
ilar quantities  given  in  various  handbooks.  These  are  the  actual  quantities 
of  materials  in  the  concrete  in  place.  They  should  not  be  used  in  esti- 
mating the  cost  of  concrete  materials,  unless  allowance  is  made  for 
wastage;  however  they  serve  for  a  comparison  of  costs. 

Suppose  that  it  is  found  by  experiment  that  one  bag  of  cement  in  the 
1:2:3  mix  produces  4.6  cu.  ft.  of  concrete  and  that  the  1  :  2.48  :  1.65  mix 
produces  4.2  cu.  ft.  of  concrete  for  one  bag  of  cement. 

Assume  the  cost  of  materials  delivered  on  the  job  for  the  1:2:3 
mix  as  follows: 

Pebbles,  $2.00  per  cu.  yd. 
Sand,  $2.00  per  cu.  yd. 
Cement,  $3.00  per  bbl. 

Then  for  the  1:2:3  mix  the  quantity  of  cement  for  1  cu.  yd.  of  con- 

27 
crete  will  be  —  =  5.86  bags  =  1.47  bbl.:  since  there  is  twice  as  much  sand 
4.6 
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5.86  X  2 
and  three  times  as  much  pebbles  as  cement =  0.435  en.  yd.  of  sand 

5.  86  X  3 
per  cu.  yd.  of  concrete,  and =  .652  cu.  yd.  of  pebbles  per  cu.  yd.  of 

concrete. 

The  total  cost  of  materials  per  cu.  yd  of  1  :  2  :  3  concrete  will  be: 
1.47  X  3.00  4.  0.435  X  2.00  +  0.652  X  2.00  =  $6.58 

It  will  be  remembered  that  in  Problem  4  we  were  dealing  with  a  pit  in 
which  the  sand  was  60%  of  the  whole.  It  is  evident  that  if  the  1:2:3 
mix  is  used,  either  a  considerable  amount  of  the  sand  must  remain  unused 
or  additional  coarse  aggregate  imported.  Suppose  that  the  former  is  the 
case,  and  that  if  the  material  is  used  in  the  proportions  in  which  it 
occurs  in  the  pit — that  is,  in  the  1  :  2.48  :  1.65  mix,  the  cost  of  aggregate 
can  be  reduced  50  cents  per  cu.  yd.  for  both  fine  and  coarse. 

Then 

27 
—  =6.42  bags  —  1.61   bbl.  of  cement  per  cu.  yd.  of  concrete, 

6.42  X  2.48 

-  =0.59  cu.  yd.  of  sand  per  cu.  yd.  of  concrete, 

6.42  X  1-65 

=  0.39  cu.  yd.  of  pebbles  per  cu.  yd.  of  concrete. 

Then  the  cost  per  cu.  yd.  of  the  1  :  2.48  :  1.65  mix  equals 
1.61  X  3.00  +  0.59  X  1-50  -f  0.39  X  1-50  =  $6.30 

Or  for  the  prices  assumed  there  would  be  a  saving  of  over  4%  in  cost 
of  materials  by  using  the  aggregates  in  the  proportions  in  which  they  occur 
in  the  pit. 


DISCUSSION. 

The  Chair. — It  is  a  matter  of  conservation  to  make  use  of  aggregates 
as  they  exist  in  gravel  pits.  Where  nature  has  given  us  more  sand  than 
pebbles,  if  we  use  a  specification  calling  arbitrarily  for  a  1  :  2  :  4  mix,  we 
are  wasting  a  lot  of  the  material  in  the  pit.  For  these  reasons  engineers 
have  been  trying  to  get  away  from  arbitrary  mixtures.  The  work  of 
Prof.  Abrams,  as  explained  here  by  Mr.  Walker,  the  work  of  Messrs.  Young 
and  Edwards,  have  all  been  along  this  line  of  allowing  us  intelligently  to 
compute  how  to  vary  our  mixtures  so  as  to  get  concrete  of  equal  strength 
and  equal  consistency  when  the  aggregate  varies,  and  so  the  matter  is  of 
great  importance,  not  especially  perhaps  to  the  building  industry,  but  to 
the  industry  of  building  concrete  roads. 

Mr.  W.  A.  Slater. — I  would  like  to  ask  Mr.  Walker  if  he  can  state 
any  limit  within  which  he  would  expect  he  would  be  able  to  produce  con- 
crete of  the  strength  that  has  been  specified.  How  effective  a  system  of 
inspection  could  he  outline  which  would  accomplish  what  is  desired?  If 
we  are  going  to  get  away  from  the  arbitrary  specification  of  1:2:4 
concrete  and  specify  the  strength  of  concrete  as  delivered  on  the  job,  how 
closely  can  we  come  to  guaranteeing  that  that  strength  will  be  delivered? 
In  other  words,  has  he  had  any  chance  of  following  up,  on  any  job,  the 
actual  production  of  concrete  and  finding  out  how  closely  the  strengths 
obtained  with  this  method,  or  something  of  the  kind,  agreed  with  the 
strengths  predicted? 

Mr.  R.  C.  Yeoman. — The  question  Mr.  Slater  brings  up,  I  think,  brings 
in  the  idea  of  administration  of  the  job.  In  the  production  of  sand  and 
gravel  for  concrete  large  plants  have  been  built  for  the  purpose  of  keeping 
that  production  uniform,  and  division  on  the  ^4 -in.  or  %-in.  screen  has  been 
devised  in  order  to  help  out  that  uniformity.  If  we  are  going  to  allow 
the  plants  just  to  wash  the  material  and  send  it  off  to  the  job  as  it  comes 
we  are  going  to  find  another  factor  which  is  troublesome.  The  pits  usually 
vary  from  day  to  day  in  their  operation,  and  one  day  there  will  be  40% 
sand  and  the  next  day  60%.  The  administration  on  the  job  is  continually 
testing  the  material  and  determining  the  proper  relation  of  cement  and 
aggregate.  That  is  going  to  be  a  problem  of  administration  not  hereto- 
fore handled,  and  I  am  wondering  if  they  have  had  any  experience  in 
administering  a  job  of  that  kind,  for  changes  that  are  made  frequently, 
say,  during  the  work  or  two  or  three  times  a  day. 

Mr.  H.  H.  Knouse. — Four  years  ago,  in  Omaha,  we  put  in  some 
reinforced-concrete  linings  for  a  water -works  reservoir,  and  on  account  of 
certain  physical  conditions  that  entered  into  the  placing  of  the  concrete  it 
was  necessary  that  the  consistency  be  controlled  very  closely  to  a  certain 
predetermined  point.  Working  back  from  that  point,  we  evolved  a  rather 
crude  method  of  checking  what  we  termed  the  percentage  of  voids,  which 
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is  now  practically  an  obsolete  term,  by  measuring  accurately  all  the 
materials  that  went  into  the  concrete  mixer  on  every  batch  and  meas- 
uring accurately  the  amount  of  concrete  which  came  out.  We  had  a 
calibrated  hopper,  and  at  frequent  periods  during  the  day  we  would  get  that 
hopper  entirely  clean  and  throw  one  batch  from  the  mixer  into  it  quickly, 
measuring  it.  We  had  a  series  of  curves  from  which  we  were  able  to 
check  back  and  determine  with  a  fair  degree  of  accuracy  what  the  per- 
centage of  the  voids  was  running  in  our  coarse  aggregate.  We  assumed 
that  the  grading  of  our  fine  aggregate  was  approximately  constant,  which 
I  believe  it  was.  The  proportion  of  the  cement  to  the  fine  aggregate  was 
held  constant,  and  we  then  controlled  the  percentage  of  mortar  in  excess 
of  the  percentage  of  voids.  We  were  striving  first  for  a  water-tight  con- 
crete; strength  was  rather  a  secondary  consideration.  I  never  have  had 
the  opportunity  to  follow  that  up  in  a  really  scientific  or  careful  manner, 
but  I  believe  that  in  that  particular  case  it  served  the  purpose  of  con- 
trolling the  properties  of  the  concrete,  which  we  were  looking  for,  and  I 
think  it  is  adaptable  to  a  wide  range  of  uses. 

Mr.  S.  H.  Wightman.- — I  have  a  suggestion  to  offer  which  is  a  prac- 
tical means  of  rectifying  an  aggregate.  In  Detroit,  both  the  river  gravel 
and  the  bank  gravel  ran  very  high  in  sand;  it  ran  from  70%  to  35%  in 
sand,  and  I  tried  to  evolve  a  practical  way  on  the  job  whereby  the  gravel 
as  it  came,  the  bulk  of  our  material,  could  be  rectified.  The  first  step  I 
took  in  doing  that  was  to  develop  what  is  called  an  ideal  curve,  in  which 
we  took  the  screens  running  from  100.  We  developed  by  a  series  of  tests 
what  we  considered  the  proper  percentages  of  sand  and  aggregate  for  those 
various  sized  screenings.  Then  we  purchased  our  gravel  in  boatload  lots 
and  made  a  sieve  analysis.  We  found  that  in  all  cases  it  ran  very  high  in 
the  40%  sand.  We  also  found  that  the  proportion  of  sand  was  very  high. 
The  matter  of  rectification  presented  itself  as  an  easy  way  of  simply 
adding  enough  stone  and  in  the  proper  size. 

We  were  able  to  purchase  %-in.,  %-in.  and  1-in.  stone,  and  by  the 
analysis  of  the  gravel  or  the  bulk  of  the  material  that  we  used  it  was 
just  a  question  of  adding  three  parts  of  stone  to  two  parts  of  gravel  as  it 
came,  or  equal  parts,  or  whatever  the  sieve  showed.  On  getting  a  boatload 
of  material,  we  could  make  one  sieve  analysis  and  with  slide-rule  calcula- 
tion immediately  determine  how  much  stone  would  approximate  our  curve, 
so  for  that  whole  boatload  of  gravel  we  could  rectify  and  approximate  our 
true  strength  or  ideal  curve  as  developed. 

That  worked  out  so  nicely  that  the  people  manufacturing  stone 
wanted  to  get  it  in  general  use,  and  I  wrote  a  little  pamphlet  on  the 
subject.  We  took  it  up  with  several  of  the  contractors,  and  they  simply 
reduced  it  to  a  sieve  analysis  of  gravel,  eliminating  the  various  sizes  and 
just  using  the  J/i-in.  screen.  It  was  then  a  question  of  determining 
whether  they  had  80%  or  70%  of  sand  in  their  gravel,  and  we  gave  them 
a  little  schedule  which  showed  if  they  had  80%  sand  how  many  wheel- 
barrows they  would  have  to  add  of  stone.     If  it  was  footings  they  could 
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use  2-in.  stone,  and  if  it  was  reinforced  concrete  1-in.  stone.  That  worked 
out  and  we  sold  every  large  contractor  in  Detroit  crushed  stone  and  he 
found  an  economy  in  the  cement  hy  replacing  the  high  sand  content  and 
bringing  that  back  to  a  mix  which  might  be  represented  in  the  1:2:4 
mix  the  specifications  called  for,  or  could  follow  an  ideal  curve. 

Mr.  Walker. — You  kept  the  quantity  of  the  cement  constant  in  each 
case,  I  take  it,  and  made  your  aggregate  conform  to  a  given  sieve  analysis? 

Mr.  Wightman. — Yes,  what  we  called  rectifying  the  gravel.  We  did 
not  try  to  get  down  to  the  decimal  points,  or  anything  of  that  kind;  it 
was  just  to  make  a  rough  approximation.  For  instance,  one  contractor 
had  three  mixers  working  for  a  number  of  years  in  which  he  was  using  one 
bag  of  cement  and  two  wheelbarrows  of  gravel.  I  was  inspector  for  some 
gravel  works  at  that  time,  and  I  said:  "You  are  getting  about  the  proper 
proportion  of  mortar  all  right,  but  you  would  get  just  as  strong  concrete, 
or  even  stronger,  if  you  had  a  greater  percentage  of  stone,  and  I  will  per- 
mit you  to  use  another  wheelbarrow  of  crushed  stone  in  your  mixture." 
and  that  is  what  started  the  ball  rolling.  He  calculated  that  during  the 
several  years  he  had  been  working  on  that  mix  he  had  lost  a  great  many 
thousands  of  dollars,  and  he  calculated  that  on  that  one  job,  when  he 
got  through,  that  he  saved  some  $2000  in  the  saving  of  cement.  I  know 
that  the  concrete  was  just  as  strong,  because  his  mortar  ratio  was  right, 
and  the  mortar  was  in  sufficient  quantity  to  fill  a  much  larger  volume  of 
the  larger  aggregates. 

Mr.  Slater. — May  I  ask  Mr.  Wightman  if  he  has  the  figures  for  the 
strength  of  concrete  produced  before  and  after  that  change  was  made,  and 
if  they  are  available  for  report  in  this  discussion  ? 

Mr.  Wightman. — The  figures  I  received  on  tests  were  made  in  devel- 
oping a  curve,  and  after  I  established  that  this  curve  gave  a  certain 
strength,  in  my  own  work  I  followed  the  curve.  I  have  not  had  tests 
made  on  the  rectifying  of  gravel,  but  when  you  have  been  used  to  having 
concrete  tested  and  made  those  tests  for  a  number  of  years,  you  reach  a 
point  where  you  can  judge  within  500  or  600  lbs.  the  way  your  concrete 
is  running  to  a  strength  of  2000  to  3000  lb.,  just  about  what  you  are 
getting,  so  I  cannot  give  you  the  accurate  figures. 

Mr.  Slater. — The  reason  for  my  questions  in  both  cases  was  to  get  at 
some  idea  of  what  strength  we  actually  get  on  concrete  jobs.  I  want  to  find 
if  anybody  here  has  information  of  strengths  determined  from  tests  of 
specimens  taken  from  the  mixer  on  the  job,  and  representing  a  fair  average 
all  through  any  given  job  for  comparison  with  the  strength  predicted  on 
the  same  mix. 

Mr.  Wightman. — I  have  noticed, in  our  discussion  today  on  this  mat- 
ter of  grading  that  very  little  is  said  of  the  benefits  of  saving  money.  It  is 
very  hard  to  interest  the  architect  and  the  contractor  in  the  theory  of 
grading  and  proportioning.  If  more  is  said  about  the  saving  of  cement  in 
the  work,  which  means  a  saving  in  cost  in  dollars  and  cents,  I  think  it 
would  bring  about  a  more  immediate  use  and  practice  of  the  recognition 
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of  these  various  methods  of  grading  and  proportioning.  We  all  know 
that  specifications  laid  down  by  architects  and  engineers  generally  call  for 
an  excess  use  of  cement,  due  to  the  fact  that  they  do  not  know  what  the 
exact  conditions  on  the  field  are  going  to  be.  We  know  that  if  a  scientific 
method  of  proportioning  was  used  in  most  cases  a  great  deal  of  cement 
could  be  saved.    The  price  of  cement  today  is  a  real  item  of  cost. 

Mr.  Walker  (by  letter). — We  have  not  had  the  opportunity  to  test 
concrete  from  jobs  where  the  water-ratio  theory  was  used  in  proportioning 
the  concrete.  However,  we  have  tested  concrete  from  a  number  of  projects 
where  given  aggregates  were  used  throughout  the  work  and  where  one 
would  expect  the  specifications  to  be  followed  with  reasonable  faithfulness. 

Test  pieces  were  molded  in  6  x  12-in.  paraffined  cardboard  cylinders, 
and  the  concrete  was  taken  directly  from  the  batch  after  it  was  in  place. 
Specimens  were  made  each  day  as  the  work  progressed.  The  following 
table  gives  the  strengths  of  concrete  from  5  different  jobs: 

Compressive  Strength  for  Concrete  from  Different  Jobs 

(lb.  per  sq.  in). 
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2930 
2030 
3000 
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80            2540           3 

X)0 

264( 

)           2730 

Grand  Average  for  Jobs  1,  2,  3  and  4:   2900 


On  Jobs  1,  2,  3  and  4  the  aggregates  were  a  well-graded  O-^-in.  sand 
and  crushed  limestone  graded  %  to  2  in.  The  mix  was  1:2:3.  One 
specimen  was  made  each  day  and  stored  on  the  job  over  night,  after  which 
they  were  removed  to  the  basement  of  an  office  building  and  stored  for 
about  14  days.  They  were  then  removed  to  the  laboratory,  where  they 
were  stored  in  the  air  until  tested  at  28  days.  The  same  materials  were 
used  on  the  four  jobs.  The  work  extended  over  a  period  of  about  40  days. 
This  concrete  was  used  in  road  constructions  and  was  placed  during  the 
months  of  July  and  August. 
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On  Job  No.  5  the  aggregates  were  well-graded  O-^-in.  sand  and 
pebbles  graded  from  14  to  2  in.  The  mix  was  1:2:4.  Two  specimens 
were  made  on  each  day  at  intervals  varying  from  2  days  to  a  week.  The 
work  extended  over  a  period  of  about  1  month.  The  specimens  were  stored 
on  the  job  for  about  14  days,  when  they  were  removed  to  the  laboratory. 
They  were  then  stored  in  the  air  of  the  laboratory  until  tested  at  the  age 
of  28  days.  This  concrete  was  used  in  road  work  and  was  placed  during 
the  latter  part  of  September  and  the  early  part  of  October. 

Since  the  brand  of  cement  and  the  conditions  of  storage  were  different 
than  used  in  our  laboratory  tests,  it  is  not  possible  to  make  a  direct  com- 
parison of  the  strength  obtained  with  the  laboratory  strengths.  However, 
with  aggregates  similarly  graded,  using  a  cement  of  average  strength 
and  storing  the  specimen  in  damp  sand  until  test,  we  would  expect  to 
obtain  about  340Q  lb.  per  sq.  in.  for  the  1:2:3  mix  and  3000  lb.  for  the 
1:2:4  mix.  If  these  values  are  taken  as  a  basis,  the  1:2:3  mix  may 
be  considered  as  15%  lower  than  the  predicted  laboratory  strength  and 
the  1:2:4  mix  9%  lower.  However,  it  must  be  remembered,  as  pointed 
out  above,  that  parallel  tests  were  not  made  in  the  laboratory  using  the 
same  materials. 

It  will  be  noted  that  about  30%  of  these  results  are  more  than  10% 
below  the  average.  The  mean  variation  for  Jobs  1,  2,  3  and  4  is  23.5% 
and  for  Job  5  it  is  17.8%. 

I  would  like  to  call  attention  to  the  fact  that  the  use  of  the  ideal 
curve  is  merely  a  limited  application  of  the  fineness  modulus  theory.  Mr. 
Wightman  obtained  the  same  fineness  modulus  by  making  his  aggregates 
follow  the  same  sieve  analysis  curve;  whereas  he  might  have  obtained  the 
fineness  modulus  with  much  less  variation  in  the  proportions,  without 
special  attention  to  the  exact  path  of  the  sieve  analysis. 


WEAR  AND  COMPRESSION  TESTS  OF  CONCRETE. 
By  Ray  B.  Ckepps.* 

This  paper  gives  results  and  curves  taken  from  a  series  of  tests  con- 
ducted in  the  Testing  Materials  Laboratory  of  Purdue  University  in 
cooperation  with  the  Indiana  Sand  and  Gravel  Producers  Association. 
The  tests  were  originally  designed  with  a  view  of  placing  before  the  mem- 
bers of  that  association  some  underlying  principles  in  concrete  mixtures. 
However,  a  number  of  tests  taken  from  the  different  series  are  comparable 
under  this  heading. 


FIG.  1. — DRUM  AND  INSIDE 
BAND  OF  CONCRETE  WEAR 
TEST  MACHINE. 


These  are  the  first  tests  to  be  conducted  on  the  concrete  wear  machine 
recently  installed  in  this  laboratory.  The  type  of  wear  block  designed 
for  this  machine  is  wedge-shaped  instead  of  rectangular,  as  used  by  other 
experimenters.  Although  the  tests  are  limited  in  number,  certain  indica- 
tions are  brought  out  which  may  be  of  interest. 

The  wear  machine  is  essentially  a  Talbot-Jones  rattler,  modified  in  the 
details.     It  consists  of  a  cast-iron  cylindrical  drum  3  ft.  6  in.  in  diameter 
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FIG.    2. — DRIVING   MECHANISM   AND   DRUM    ATTACHMENTS 


FIG.   3— "WOODEN  COVER  AND  HALF  FIG.  4. ENCASEMENT  OF  WEAR  TEST 

OF  ENCASEMENT.  MACHINE. 
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with  an  inside  depth  of  8  in.  There  are  six  2  x  iy2  in.  lugs  cast  on  the 
inside  of  the  circumference  at  the  sixth  points.  The  shell  is  about  1  in.  in 
thickness;  illustration  is  shown  in  Fig.  1.  Fig.  1  also  shows  an  8  x  y±  in. 
sheet  steel  band  in  the  form  of  a  ring,  with  a  diameter  of  3  ft.,  setting 
inside  the  drum  which  is  held  in  place  by  set  screws  which  pass  through 
the  lugs.  The  adjustment  of  this  band  around  the  concrete  wear  blocks  is 
made  by  means  of  three  bolts  which  pass  through  the  2x2^x  14  in.  angle 
irons  fastened  to  the  ends  of  the  band. 

Fig.  2  shows  the  driving  mechanism  and  the  drum  attached  to  a  shaft 
of  an  overhung  brick  rattler,  which  was  introduced  at  Purdue  in  1889. 

In  Fig.  3  is  shown  a  circular  wooden  cover  1  in.  in  thickness,  supported 
on  a  2  x  4  in.  oak  triangular  frame,  which  is  fastened  to  the  front  of  the 
drum  by  means  of  four  stud  bolts. 


fig.  5. 


-WEDGE-SHAPED  BLOCKS  AR- 
RANGED IN  BAND. 


The  revolving  drum  and  cover  is  inclosed  in  a  removable  galvanized 
iron  case,  made  in  two  sections.  The  case  is  easily  removed,  allowing  access 
to  the  drum.  A  pan  4  in.  -deep  at  the  bottom  catches  the  dust  resulting 
from  the  test.  The  encasement  is  shown  in  section  in  Fig.  3,  and  closed  in 
Fig.  4. 

The  test  pieces  are  wedge-shaped,  having  a  wearing  surface  of  8  x  8  in., 
circular  bottom,  and  a  depth  at  the  middle  of  5  11/16  in.  The  ten  wedge- 
shaped  blocks,  which  constitute  a  test  set,  are  arranged  around  the  perim- 
eter of  the  band,  as  illustrated  in  Fig.  5.  The  surface  of  contact  between 
the  blocks  lies  in  a  plane  which  passes  through  the  axis  of  the  drum.  The 
distance  from  the  surface  of  the  blocks  and  the  center  of  the  drum  is 
12  5/16  in. 

The  advantages  claimed  for  the  wedge-shaped  block  over  the  rectan- 
gular block  are:  1.  The  chipping  action  at  the  edge  of  contact  is  reduced. 
2.    No  wooden  wedges  are  required  to  hold  the  blocks  in  place. 

The  abrasive  charge  is  made  up  of  200  lb.  of  cast-iron  balls,  ten  ot 
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which  are  3%  in.  in  diameter,  and  about  133  are  1%  in.  in  diameter. 
These  balls  conform  to  the  requirements  of  the  American  Society  for  Test- 
ing Materials  for  the  standard  rattler  test  o'f  paving  brick. 

The  tests  covered  in  this  paper  were  made  on  wedge-shaped  blocks 
and  8  x  16  in.  cylinders.  The  proportions  in  each  test  were  1  part  cement, 
2  parts  sand,  and  3  parts  gravel.  The  aggregates  were  taken  from  the 
washed  output  of  a  gravel  plant  at  Lafayette,  Ind.  The  cement  used  was 
a  standard  brand  of  portland  cement,  which  passed  the  requirements  of  the 
American  Society  for  Testing  Materials. 

Table  I. — Physical  Properties  of  Cement. 

Normal   consistency    (percent  by   weight) 23% 

Initial  set   (Gilmore  needle) 3   hr.    12  min. 

Final    set    (Gilmore   needle) 5  Tir.   02  min. 

Fineness    (residue  on   a  200   sieve) 17.98 

Soundness    (over   boiling  water) O.    K. 

Tensile   strength    (1:3    standard   sand   mortar): 

7-day 233   lb.   per  sq.    in. 

28-day 328    lb.    per    sq.    in. 

Table  II. — Steve  Analysis  of  Aggregates. 


Per  Cent  Coarser  than  Sieves.* 

Test 

No. 

No.  100 

No.  48 

No.  28 

No.  14 

No.  8 

No.  4 

I  in. 

|  in. 

V.  in. 

Modulus. 

1 

98  4 

97.4 

91.7 

75.8 

62.0 

52.4 

17.2 

0 

0 

5.05 

2 

99  6 

99.2 

93.5 

77.7 

65.1 

59.1 

42.8 

0 

0 

5.37 

3 

99.6 

99.2 

93.0 

78.1 

65.7 

60.3 

49.9 

13.0 

0 

5.61 

4 

99.6 

99.2 

93  7 

78.4 

66. 2 

61.fi 

54.0 

15  8 

0 

5.68 

5 

99.6 

99.2 

93 . 7 

78.4 

66.2 

61.5 

48.0 

14.0 

3.5 

5.66 

fi 

99.5 

97.7 

88.3 

77.7 

66.4 

55.3 

48.1 

30.6 

0 

5.64 

7 

99.5 

97.8 

89  0 

79.1 

68.9 

•61.1 

48.3 

15  9 

0 

5.60 

8 

99.5 

97.7 

88.1 

77.3 

66.4 

58.7 

51.6 

18.9 

0 

5.58 

9 

99.5 

97.6 

87.9 

77.0 

65  8 

57.0 

49.9 

22.3 

0 

5.57 

10 

99.5 

97.7 

88.3 

77.7 

66.7 

56.8 

49.7 

26.7 

0 

5.63 

11 

99.6 

93.5 

73  3 

66.1 

61.6 

54.9 

31.9 

4.1 

0 

4.85 

12 

99.4 

96.1 

83.3 

75.3 

69.6 

61.2 

40.6 

15.2 

0 

5.41 

13 

99.3 

93.7 

80.6 

73.2 

66.6 

69.6 

29.9 

10.4 

0 

5.09 

14 

99.6 

97.9 

87.9 

77.1 

66.6 

57.4 

34.4 

12.2 

0 

5.33 

15 

98.4 

90  9 

77.4 

67.4 

59.1 

45.7 

14  4 

5.5 

1.7 

4.65 

lfi 

97.9 

92.4 

78.1 

64.8 

55.6 

41  3 

10.2 

0 

0 

4  40 

17 

97.9 

92.4 

78.3 

67.0 

59.7 

50.5 

31.4 

0.2 

0 

4.77 

18 

97.9 

92.4 

78.2 

67.0 

60.6 

53.1 

38.2 

11.7 

0 

4.99 

19 

97.9 

92.5 

78  5 

68.1 

63.3 

60.9 

52.6 

29.3 

0 

5.43 

20 

97.9 

92.6 

78.8 

68.1 

62.2 

56.3 

44.8 

24.6 

0 

5.25 

*  Tyler  Standard  Sieves. 


A  separate  batch  of  concrete  was  made  for  each  test  piece,  each  batch 
being  hand-mixed  in  a  shallow  pan.  The  materials  were  weighed  separately 
and  mixed  dry,  after  which  water  was  added  until  the  concrete  gave  a 
slump  of  from  %  to  1  in.  in  a  freshly  molded  6  x  12  in.  cylinder.  This 
method  for  obtaining  the  slump  is  the  same  as  used  at  the  Structural 
Materials  Research  Laboratory,  Lewis  Institute,  Chicago.  The  concrete 
was  tamped  in  the  molds  with  a  steel  tamper  that  weighed  approximately 
2%  lb.  and  had  an  end  1  in.  square.  After  the  operation  of  filling  and 
tamping  was  complete,  the  top  was  struck  off  with  a  mason's  trowel. 
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Both  the  wear  blocks  and  cylinders  received  the  same  curing  treatment. 
They  were  removed  from  the  molds  in  24  hours,  stored  in  damp  sand  for  a 
period  of  10  days,  and  then  placed  in  air  in  the  laboratory  until  tested. 
The  testing  was  done  at  28  days. 

The  wear  test  consists  of  exposing  the  inner  surface  of  the  ten  blocks 
to  the  action  of  the  200  lb.  abrasive  charge  for  1800  revolutions  at  the  rate 
of  30  r.  p.  m.  The  machine  was  run  in  one  direction  for  900  revolutions 
and  then  reversed. 


Table  Til. — Results  of  Tests  op  Concrete. 

Wear  tests  of  wedge-shaped  concrete  blocks,  8  x  8  in.  on  original  surface. 
Compression  tests  of  8  x  16  in.  concrete  cylinders. 

Mix  1  :  2  :  3,  by  volume;    age  at  test,  28  days;    stored  10  days  in  damp  sand,  17  days  in  air  in  the 
laboratory. 

Materials  weighed  separately;  concrete  mixed  by  hand;  concrete  tamped  in  forms. 

Consistency  was  such  as  to  give  a  slump  of  J  in.  to  1  in.  in  a  freshly  molded  6  x  12  in.  concrete  cylinder. 

Each  wear  test  value  is  the  average  from  ten  wear  blocks. 

Each  compression  test  is  the  average  of  two  cylinders. 


Test  No. 

Fineness 
Modulus. 

Water 
Ratio. 

Depth  of 

Wear 

(in.) 

Compressive 

Strength. 

(lbs.    per   sq. 

in.) 

1 

5.05 
5.37 
5.61 
5.68 
5.66 
5.64 
5.60 
5.58 
5.57 
5.63 
4.85 
5.41 
5.09 
5.33 
4.65 
4.40 
4.77 
4.99 
5.43 
5.25 

0.767 
0.786 
0.778 
0.757 
0.690 
0.719 
0  656 
0.759 
0.765 
0.741 
0.777 
0.844 
0.648 
0.770 
0  904 
1.020 
0.883 
0.894 
0.841 
0.835 

0.714 
0.685 
0.651 
0.678 
0.642 
0.554 
0.560 
0.661 
0.571 
0.602 
0.841 
0.758 
0.658 
0.710 
0.880 
1.025 
0.804 
0.774 
0.701 
0.715 

3452 

2 

3474 

3 

4115 

4 

3785 

5 

4075 

6  .  .                        

3870 

7              

3544 

8 

3480 

9   

3511 

10 

3703 

11 : 

2805 

12  , .            

3033 

13     .                   

3455 

14 

15 ' 

16 

17 

18   

3228 
1744 
1990 
2470 
2207 

19   .  .                        

2430 

20 

2462 

The  compressive  strength  tests  were  made  on  a  200,000  lb.  Riehle  test- 
ing machine.  All  cylinders  were  capped  with  plaster  of  paris  and  were 
tested  on  a  spherical  bearing  block. 

Table  II  gives  the  sieve  analysis  of  the  aggregates,  showing  the 
percents  coarser  than  certain  Tyler  standard  sieves.  The  following  sieves 
were  taken:  100,  48,  28,  14,  8,  4,  %,  %,  1%-  Each  sieve  is  made  of 
square-mesh  cloth,  having  an  opening  double  the  width  of  the  preced- 
ing one. 

The  fineness  modulus,  as  shown  in  this  table,  was  determined  by  divid- 
ing the  sum  of  the  percents  retained  on  the  sieves  by  100.  It  varies  from 
4.40  to  5.68  for  these  tests. 
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Table  III  gives  the  results  of  the  tests  on  concrete.  The  water-ratio 
as  used  in  this  table  is  an  expression  for  the  ratio  of  the  volume  of  water 
to  the  volume  of  cement,  considering  the  cement  to  weigh  94  lb.  per  cu.  ft. 

The  depth  of  wear  is  based  on  the  loss  in  weight  after  abrasion.  The 
wear  blocks  were  weighed  before  and  after  being  submitted  to  the  wear  test, 
and  the  loss  in  weight  determined.  The  depth  of  wear  is  expressed  by 
the  formula : 

D  =  V  L  x  24.97 
W 
wheTe  D=the  depth  of  wear 

L=^loss  in  weight  in  pounds 
Wz=weight  per  cubic  foot  of  concrete. 

This  formula  takes  into  account  the  increase  in  the  surface  due  to  the 
increase  in  the  depth  of  wear. 

Some  of  the  points  on  the  accompanying  curve  sheets  represent  tests 
upon  stone,  while  the  data  for  these  tests  have  not  been  included  in  the 
tables.    However,  the  curves  would  only  be  slightly  affected. 

It  is  recognized  by  the  writer  that  the  number  of  tests  reported  on  in 
this  paper  is  insufficient  from  which  to  establish  any  definite  conclusions, 
and  therefore  in  the  discussions  of  the  curves  reference  is  made  to  curves 
from  the  recent  works  of  Prof.  Duff  A.  Abrams,  Lewis  Institute,  Chicago. 

Fig.  6,  which  compares  the  compressive  strength  to  the  water-ratio, 
shows  the  influence  of  water  on. the  strength,  under  the  conditions  and 
range  of  these  tests,  i.  e.,  for  one  mix,  one  curing  condition  and  one  con- 
sistency. It  is  seen  from  the  curve  that  a  concrete  having  a  low  water- 
ratio  has  a  higher  strength  than  one  with  a  greater  water-ratio.  The  curve 
A  taken  from  "The  Effect  of  Time  and  Mixing  on  the  Strength  of  Con- 
crete," by  Prof.  Abrams,  has  the  same  general  slope  and  covers,  approxi- 
mately, the  same  area  as  the  curve  from  these  data,  the  variation  being 
due  to  the  difference  in  the  mixtures,  methods,  and  cement.  In  curve  A 
the  mix  and  grading  were  maintained  constant,  but  the  water  content 
varied,  giving  different  consistencies.  The  comparison  shows  two  ways  of 
affecting  the  quantity  of  water  in  a  concrete  mixture,  in  the  case  of  these 
tests,  it  being  accomplished  by  different  grading  and  in  the  other  case  by 
different  consistencies. 

A  comparison  of  the  wear  to  the  water-ratio  is  made  in  Fig.  7.  This 
curve  shows  that  with  an  increase  in  the  water  content  of  a  concrete,  the 
depth  of  wear  is  also  increased.  This  curve  coincides  with  a  portion  of  the 
curve  taken  from  Fig.  8  of  Bulletin  No.  2  of  Lewis  Institute.  The  con- 
ditions under  these  tests  were  the  same  as  those  mentioned  for  the  strength - 
water-ratio  curves. 

Strength  and  wear  are  combined  in  a  curve  shown  in  Fig.  8.  From 
this  curve  it  is  seen  that  a  concrete  giving  a  high  strength  shows  a  low 
wear  and  one  giving  a  low  strength  shows  a  high  wear.     Recalling  the  two 
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preceding  curves,  it  is  seen  that  the  reason  for  this  relation  lies  in  the 
water -ratio,  since  hoth  the  strength  and  wear  are  controlled  by  the  water 
content. 

A  comparison  curve  (A)  is  taken  from  Fig.  10  in  Bulletin  No.  2, 
Lewis  Institute.  This  is  a  curve  of  a  1:4. mix  of  various  consistencies  and 
different  curing  conditions.     Both  curves  are  similar  in  character. 

Studying  these  curves  we  see  that  it  is  the  water  content  which  pro- 
duces the  marked  effect  on  the  strength  and  wear,  regardless  of  the  factors 
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FIG.    8. — CURVE    SHOWING    COMPARISON    OF    COMPRESSIVE    STRENGTH    TO    DEPTH 

OF  WEAR. 


producing  the  change,  since  in  one  case  the  grading  varies  and  in  the  other 
case  the  consistency  changes,  both  affecting  the  water-ratio. 

Fig.  9  shows  a  curve  comparing  the  compressive  strength  to  fineness 
modulus.  Fig.  10  shows  a  curve  comparing  the  depth  of  wear  to  the  fineness 
modulus.  These  relations  can  be  compared  since  the  same  consistency  was 
used  in  all  concretes.  It  is  also  seen  from  the  data  that,  for  one  mix,  as 
the  fineness  modulus  increases  the  water -ratio  decreases.  Evidence  for 
this  latter  relation  has  been  observed  in  the  standard  tensile  strength  tests 
of  Indiana  sands,  at  Purdue  University. 

The  results  obtained  from  this  method  of  wear  test  are  not  entirely 
satisfactory.     It  has  been  observed  by  inspecting  the  wear  blocks  after 
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going  through  the  test  that  the  edges  of  the  blocks  next  to  the  drum  and 
cover  have  received  an  extra  amount  of  wear,  and  in  a  number  of  cases 
particles  of  the  coarse  aggregate  have  been  knocked  out.  This  is  especi- 
ally noted  in  cases  where  the  maximum  size  of  the  coarse  aggregate  is 
large.  This  effect  is  not  noticed  on  blocks  in  which  the  maximum  size  is 
small.  Since  the  depths  of  wear  range  from  %  to  1  in.  for  a  1:2:3  mix,  of 
a  slump  between  %  to  1  in.,  any  chipping  or  knocking  out  of  the  larger 
particles  from  the  edge  seems  objectionable. 

In  conclusion,  the  results  of  these  tests  indicate  that,  for  a  1:2:3  mix 
in  which  the  fineness  modulus  varies  and  the  consistency  is  constant, 
general  relations  exist  between : 

1.  Compressive  Strength  and  Water  Content. 

2.  Wear  and  Water-Ratio. 

3.  Compressive  Strength  and  Wear. 

4.  Compressive  Strength  and  Fineness  Modulus. 

5.  Wear  and  Fineness  Modulus. 


DISCUSSION. 


Mb.  Stanton  Walker. — I  should  like  to  ask  whether  you  have  made 
enough  tests  at  Purdue  to  show  that  there  is  a  general  relation  between 
strength  and  wear  for  different  sources  of  aggregate?  At  the  Lewis  Insti- 
tute we  have  made  a  great  number  of  tests  for  different  gradings  of  sand- 
pebble  aggregates,  and  a  few  good  grades  of  aggregates  of  different  nature, 
but  I  do  not  know  of  any  considerable  number  of  tests  where  the  quality  of 
the  aggregate  has  extended  over  any  considerable  range.  I  should  like  to 
ask  if  your  tests  answer  the  question  whether  or  not  the  strength  is  a 
function  of  the  wear  over  any  wide  ranges  in  quality  of  aggregate? 

Mr.  R.  B.  Crepps. — The  tests  at  Purdue  University  do  not  cover  a 
large  enough  scope  to  finally  justify  that  conclusion.  The  materials  tested 
so  far  in  the  wear  tests  have  been  practically  of  one  quality.  We  have 
made  a  small  comparison  with  materials  from  different  parts  of  the  state, 
but  the  tests  are  rather  limited.  However,  the  indications  are  that  the 
different  qualities  of  gravel  do  not  make  a  very  marked  change  in  the 
strength  and  wear. 

Mr.  Walker. — We  have  made  tests  on  about  four  different  aggregates, 
all  of  them  rather  good  grade,  and  we  have  found  that  the  strengths  are  as 
nearly  the  same  as  one  could  expect,  for  the  same  fineness  of  modulus  and 
the  same  mix  and  the  same  consistency.  There  has  been  some  little  varia- 
tion in  wear ;  the  softer  aggregates  seem  to  give  somewhat  higher  wear  than 
the  harder  aggregates.  I  think  we  will  hardly  be  justified  in  making  only 
the  one  test  until  we  are  absolutely  sure  that  the  strength  is  a  criterion 
for  the  wear. 

Mr.  K.  H.  Talbot. — I  was  particularly  interested  in  the  statement  that 
these  specimens  were  stored  in  sand  for  only  ten  days  and  then  broken. 
Within  the  past  year  I  have  been  questioning  whether  a  concrete  pavement 
subjected  to  curing,  due  to  moisture  underneath  and  all  around,  was  given 
a  much  better  chance  to  harden  than  specimens  made  in  this  way.  If  any 
one  has  tests  of  specimens  kept  in  moist  sand  for  a  year  or  even  six  months 
and  tests  made  as  in  Mr.  Crepps'  series,  on  which  they  can  pass  judgment 
as  to  the  relative  effect  of  water  content  on  wear,  it  would  be  interesting. 

Mb.  Fulleb. — I  think  that  the  answer  will  be  found  in  Bulletin  No.  2 
of  the  Structural  Materials  Research  Laboratories.  In  this  bulletin  tests 
are  reported  for  concrete  three  or  four  months  old.  Some  of  the  specimens 
were  stored  in  damp  sand  for  the  entire  time ;  some  were  stored  in  air  for 
the  entire  period;  some  were  stored  first  in  sand  and  then  in  air  for  various 
periods.  The  tests  show  an  increase  in  strength  and  a  decrease  in  wear 
for  the  longer  periods  of  storage  in  damp  sand,  with  one  exception — the 
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wear  tests  on  the  four -months  blocks — which  were  made  while  the  blocks 
were  still  moist.  In  them  there  is  a  slight  increase  in  wear,  probably  due 
to  the  moisture  in  the  surface  of  the  concrete.  Had  those  blocks  been  dried 
out  three  or  four  days  before  the  tests,  the  same  relations  would  probably 
have  obtained.  For  periods  up  to  very  nearly  the  whole  time  of  the  storage 
you  will  find  an  increase  in  strength  and  a  decrease  in  wear  with  the 
storage  of  the  specimen. 


COMPRESSIVE   STRENGTH  OF  CONCRETE  IN  FLEXURE. 
By  W.  A.  Slater*  and  R.  R.  Zipprodt.* 

For  calculations  of  strength  in  the  design  of  reinforcecl-concrete  beams, 
the  use  of  the  "straight  line"  formula  has  become  almost  universal.  In 
adopting  this  formula  it  has  been  generally  recognized  that  the  com- 
pressive stresses  calculated  by  its  use  were  greater  than  those  actually 
developed  under  the  conditions  assumed. 

As  time  has  passed  it  seems  as  if  this  feature  has  been  lost  sight  of 
by  many  designers,  and  as  if  a  beam  is  supposed  to  be  on  the  point  of 
failure  by  compression  in  the  concrete  if  calculations  by  the  straight  line 
formula  show  a  compressive  stress  equal  to  the  ultimate  cylinder  strength 
of  the  concrete.  The  few  published  test  results  in  which  failure  occurred 
primarily  by  compression  indicate  clearly  that  this  is  not  the  case.  Further, 
there  have  been  indications  that  for  beams  with  sufficient  longitudinal 
reinforcement  to  develop  the  compressive  strength  of  the  concrete,  failure 
by  compression  would  not  occur  until  the  compressive  stress  calculated 
by  the  parabolic  formula  was  higher  than  the  cylinder  strength  of  the 
concrete.  In  tests  of  concrete  cylinders  in  direct  compression  it  seems 
likely  that  failure  is  precipitated  in  many  cases  by  the  reaching  of  the 
ultimate  strength  at  some  portion  of  the  cylinder,  while  the  cylinder  is 
given  credit  for  having  a  strength  equal  only  to  the  average  stress  at 
failure.  In  a  beam  it  is  upon  the  development  of  the  maximum  (extreme 
fiber)  stress  that  failure  should  occur  when  the  extreme  fiber  stress  is 
equal  to  the  average  cylinder  strength  if  in  the  latter  it  is  a  higher  stress 
than  the  average  which  precipitates  failure. 

If  these  indications  are  to  be  relied  xipon  it  would  seem  a  safe  pro- 
cedure to  permit  an  increase  in  the  working  stress  in  compression  above 
that  generally  used  in  reinforced  concrete  design. 

To  obtain  some  information  on  this  subject  tests  were  made  by  the 
United  States  Bureau  of  Standards  at  the  John  Fritz  Civil  Engineering 
Laboratory  of  Lehigh  University  in  1919  on  four  reinforced-concrete 
beams. 

Tests  made  at  about  the  same  time  on  four  beams  at  Lafayette  Col- 
lege, Easton,  Pennsylvania,  also  gave  some  information  on  this  subject. 
These  tests  were  carried  out  by  Messrs.  H.  E.  Baugh,  P.  D.  Kern  and 
C.  B.  Kidney  as  thesis  work  under  the  direction  of  Professor  A.  H.  Fuller. 
Acknowledgment  is  made  to  these  men  and  to  Professor  Fuller  for  per- 
mission to  use  the  data  in  this  paper. 

Since  the  carrying  out  of  these  tests,  it  has  been  learned  that  in 
a  considerable  number  of  beam's  tested  in  1908  by  the  United  States 
Geological  Survey   in   the  structural  materials   investigation  at   St.  Louis 


*  U.  S.  Bureau  of  Standards,  Washington,  D.  C. 

(120) 


Flexural  Strength  of  Concrete. 


121 


from  1905  to  1908.  under  the  direction  of  Mr.  Richard  L.  Humphrey, 
failure  occurred  by  compression  in  the  concrete.  Some  of  these  hitherto 
unpublished  data  have  been  available  for  this  paper,  but  there  are  others 
for  which  certain  information,  which  is  essential  if  the  data  are  to  be 
used,  has  not  yet  been  found. 

Test   Specimens:      Fig.    1    gives    the   details    of    the   beams    tested    at 
Lehigh  University.     The  beams  were   10  ft.  8  in.  in  length.     At  the  center 
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the  beams  had  a  cross-section  10  in.  wide  and  13  in.  high.  The  beams 
were  reinforced  for  longitudinal  tension  by  five  l^-in.  round  rods,  hooked 
at  the  ends  for  anchorage.  The  yield-point  stress  for  this  reinforcement 
was  about  55,000  lb.  per  sq.  in.  Two  of  the  rods  were  in  the  upper  layer, 
8%  in.  below  the  compression  surface,  and  three  were  in  the  lower  layer, 
11  in.  below  the  compression  surface.  Between  the  load  points  and  the 
points  of  support,  the  ends  of  the  beams  were  reinforced  with  %-in.  round 
vertical  U  stirrups,   spaced  4  in.  on  centers.     One   %-in.   rod  was   placed 
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longitudinally  in  the  top  of  the  enlarged  portion  of  the  beam  on  each  side 
of  the  center  to  maintain  the  spacing  and  level  of  the  stirrups.  In  each 
beam,  oiled  tin  separator  sheets  were  placed  3  in.  and  9  in.  on  either  side 
of  the  center  line  of  the  beam.  These  extended  upward  from  the  bottom 
of  the  beam  for  a  distance  of  8  in.,  thus  effectively  cutting  the  concrete 
in  the  tension  portion  of  the  beam  at  four  places.  Control  cylinders 
8  in.  by  16  in.  were  made  at  the  same  time  that  the  beams  were  made 
and  Avere  stored  under  conditions  as  nearly  like  the  storage  conditions 
of  the  beams  as  seemed  feasible. 

Figs.  2  and  3  give  the  details  of  the  beams  made  at  Lafayette  College, 
Easton,  Pa.  These  beams  were  rectangular  in  cross-section,  being  8  in. 
wide,  11  in.  deep  over  all,  and  10  ft.  0  in.  in  length.  The  reinforcement 
consisted  of  three  3-in.  round  rods  and  six  %-in.  round  rods  distributed 
in  three  layers.  The  distance  from  the  center  of  gravity  of  the  steel 
to  the  compression  surface  was  8%  in.  The  ends  of  the  beams,  from 
the  points  of  support  to  a  point  9  in.  beyond  the  load  points,  were 
reinforced  by  ^4 -in.  vertical  U  stirrups  spaced  2  in.  on  centers. 

All  the  beams  were  made  of  1:2:4  concrete,  the  proportions  being  by 
weight.  The  forms  of  beams  1A  and  2A  (see  Table  I)  were  mechanically 
vibrated  while  the  beams  were  being  poured.  The  forms  of  beams  IB 
and  2B  were  hand-tamped  during  pouring.  The  percentage  of  water  used 
in  beams  1A  and  IB  was  9.0;  that  in  2A  and  2B  was  8.0.  The  control 
specimens  were  8  x  16-in.  cylinders. 

The  beams  made  and  tested  by  the  United  States  Geological  Survey 
consisted  of  two  series.  In  Series  21  there  were  90  beams;  in  Series  21A 
there  were  48  beams.  Of  these  only  those  which  were  reported  to  have 
failed  by  compression  in  the  concrete  were  reported  in  this  paper  in  Tables 
II  and  III.  Fig.  4  shows  the  details  of  the  beams.  All  the  beams  of  these 
two  series  were  rectangular  in  cross-section,  8  in.  wide,  11  in.  high  and  13 
ft.  0  in.  in  length.  Three  1-in.  round  rods  were  used  as  tension  reinforce- 
ment in  all  beams.  The  yield-point  stress  for  the  reinforcement  as 
determined  by  the  average  of  15  tests  was  38,200  lb.  per  sq.  in.  The  sketch 
giving  the  design  of  the  specimens  and  certain  photographs  which  are 
available  show  each  rod  bearing  a  1-in.  hexagonal  nut  at  either  end  of 
the  beam.  Evidence,  in  the  form  of  notes  of  these  tests  showing  that  these 
nuts  were  used,  has  not  been  found,  and  since  failure  of  a  number  of  the 
beams  was  due  to  slipping  of  the  rods,  it  is  open  to  question  whether 
the  nuts  were  used  on  all  the  beams.*  Each  end  of  each  beam  between 
the  load  point  and  the  point  of  support  was  reinforced  by  %-in.  round 
stirrups  spaced  4  in.  on  centers. 

In  Series  21,  two  kinds  of  aggregate  were  used,  gravel  and  limestone. 
Both  were  combined  in  proportions  by  volume  of  1:3:6.  In  Series  21A 
gravel  only  was  used,  and  in  the  proportions  by  volume  of  1:2:4.     Tables 


*  Since  the  publication  of  this  text,  -fyTr.  Richard  L.  Humphrey,  who  was  in  charge 
of  the  investigation,  has  stated  that  nuts,  as  required  by  Fig.  4,  were  used  in 
all  beams. 
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II  and  III  give  the  details  of  the  making  of  the  beams  in  the  two  series. 
One  of  the  original  purposes  in  the  tests  made  at  St.  Louis  was  to  obtain 
data  showing  a  comparison  between  the  results  of  laboratory  tests  and 
results  obtained  by  several  contractors  using  their  own  methods  of  pouring. 
The  companies  making  the  beams  are  designated  in  Tables  II  and  III  as 


FIG.    3.- — CROSS  SECTION   OF  BEAMS   TESTED   AT   LAFAYETTE   COLLEGE. 


Company  A,  Company  B  and  Company  C.  The  Structural  Materials  Testing 
Laboratory  is  indicated  by  the  initials  S.  M.  T.  L. 

In  both  Series  21  and  21  A,  8  by  16-in.  control  cylinders  were  made 
with  the  beams  and  Were  stored  under  conditions  similar  to  the  storage 
of  the  beams. 

Testing:  The  beams  at  Lehigh  University  were  tested  at  an  age  of 
28  days,  and  on  a  span  of  9  ft.  6  in.  The  load  points  were  42  in.  apart, 
the  distance  from  each  load  point  to  the  corresponding  support  thus  being 
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36  in.  The  initial  load  applied  to  all  beams  was  5,000  lb.,  at  which  load 
the  initial  strain  gage  readings  were  taken.  Load  was  applied  thereafter 
in  increments  of  15,000  lb.  for  all  beams  except  14AA11,  in  which  the  load 
was  applied  in  increments  of  20,000  lb. 

Strain  gage  readings  for  the  determination  of  the  deformations  in 
the  concrete  were  taken  on  two  gage  lines  on  the  top  (the  compression) 
surface  of  the  beam.  These  readings  were  over  4-in.  gage  lengths,  and 
were  taken  on  brass  plugs  set  into  the  concrete  with  the  surface  of  the 
plug  flush  with  the  top  surface  of  the  beam.  Strain  gage  readings  for 
the  determination  of  the  stresses  developed  in  the  tension  reinforcement 
were  taken  on  each  side  of  the  beam  at  the  center  line  of  the  lower  outside 
rods.  The  location  of  the  gage  line  on  the  reinforcement  on  one  side  of 
each  beam  is  shown  in  Fig.  5.  Center  deflections  were  also  taken  on  all 
the  beams. 

The  beams  of  the  series  made  at  Lafayette  College  were  tested  at  an 
age  of  30  days.  The  span  length  was  9  ft.  0  in.  and  the  beams  were  loaded 
at  the  one-quarter  points  of  the  span.  The  distance  between  load  points 
being  4  ft.  6  in.  in  the  distance  between  load  point  and  the  corresponding 
support  was  2  ft.  3  in. 

The  beams  made  at  the  Structural  Materials  Testing  Laboratory  were 
all  tested  on  a  span  of  12  ft.  0  in.  A  number  of  the  beams  were  tested 
at  an  age  of  4  weeks,  and  the  remainder  at  the  age  of  13  weeks.  The 
beams  were  all  loaded  at  the  one-third  points  of  the  span. 

Longitudinal  deformations  %  in.  below  the  upper  fiber  and  approxi- 
mately at  the  elevation  of  the  reinforcement  (9%  in.  below  the  upper 
surface  of  the  beam)  were  measured  by  means  of  a  friction  roller  extens- 
ometer.  The  gage  length  over  which  the  deformations  were  measured  was 
29^  in.  The  method  of  attaching  the  instruments  is  shown  in  Technologic 
Paper  No.  2,  U.  S.  Bureau  of  Standards.  Center  deflection  of  the  beams 
and  end  slip  of  the  rods  were  measured  also. 

Manner  of  Failure:  In  the  beams  tested  at  Lehigh  University  large 
quantities  of  longitudinal  reinforcement  were  used  to  preclude  failure  by 
tension  in  the  reinforcement.  An  enlarged  section  outside  the  load  points 
was  used  to  preclude  failure  due  to  high  shearing  stresses.  The  phenomena 
of  the  tests  indicated  conclusively  that  failure  was  by  compression.  The 
yield-point  stress  of  the  reinforcement  was  around  55,000  lb.  per  sq.  in. 
and  both  the  computed  and  measured  tensile  stresses  were  so  much  below 
this  (see  Table  I)  that  there  is  no  chance  of  compression  failure  having 
been  brought  on  by  reaching  the  yield-point  stress  in  the  reinforcement. 
Fig.  5  is  a  view  showing  the  beams  after  completion  of  the  test. 

For  the  beams  tested  at  Lafayette  College  the  yield-point  stress  of 
the  reinforcement  is  not  known.  Inspection  of  the  beams  after  the  test 
showed  that  all  cracks,  both  vertical  and  diagonal,  had  so  nearly  closed 
that  failure  by  either  longitudinal  or  diagonal  tension  could  not  have 
been  imminent.  Failure  was  reported  to  have  been  by  compression  and  it 
seems  as  though  there  can  be  no  question  that  such  was  the  case. 
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Flexural  Strength  of  Concrete. 


The  St.  Louis  beams  included  in  this  paper  are  those  which,  out  of 
a  larger  series,  were  reported  by  the  test  observers  to  have  failed  by 
compression.  For  the  majority  of  cases  there  seems  to  be  no  reason  for 
questioning  the  correctness  of  this  opinion.  However  for  the  beams  having 
concrete  of  a  high  strength  the  tensile  stresses  were  so  high  in  some  cases 
(see  Tables  II  and  III)  that  it  seems  probable  that  the  primary  failure 
was  by  tension  and  that  the  compression  failure  followed  as  a  result  of 
the  tension  failure.  This  opinion  is  confirmed  by  the  fact  that  in  two 
cases  the  neutral  axis  rose  after  the  maximum  load  had  been  passed, 
instead  of  falling,  as  would  have  been  expected  if  failure  had  been  primarily 
by  compression.  If,  with  the  concrete  of  higher  strengths,  tension  was  a 
factor   in    the    development    of    failure    this    may   help    to   account    for    the 
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FIG,   4 DETAILS  OF  BEAMS   TESTED   BY  THE  UNITED   STATES  GEOLOGICAL   SURVEY 

AT  ST.  LOUIS  IN   1908. 


fact  that  the  points  of  Figs.  8  and  9  which  represent  beams  of  the  St. 
Louis  series  fall  below  those  of  the  beams  which  were  tested  at  Lehigh 
LTniversity  and  at  Lafayette  College. 

Tables  and  Diagrams:  Tables  I,  II  and  III  give  the  general  data  of 
the  tests  reported  in  this  paper.  The  calculated  values  are  based  upon 
average  dimensions  for  beams  of  a  given  group  rather  than  measured 
dimensions  of  individual  beams.  For  the  St.  Louis  beams  the  average 
measured  depth  was  9.56  in.  and  the  average  width  was  8.1  in.  The 
maximum  variation  from  the  average  was  4  per  cent  and  the  average 
variation  from  the  average  was  2.2  per  cent.  The  ratio  of  reinforcement 
for  the  St.  Louis  beams  was  taken  as  0.0304  for  all  beams. 

The  dimensions  of  beams  tested  at  Lehigh  University  varied  somewhat 
and  separate  averages  for  the  two  groups  were  used.  For  beams  14AA11 
and  12  the  average  width  was  10.05  in.,  the  average  depth  from  the 
compression  surface  to  the  center  of  gravity  of  the  reinforcement  was 
10.12  in.  and  the  average  ratio  of  reinforcement  was  0.0605.  For  beams 
14AB21  and  22  the  average  width  was  10.05  in.,  the  average  depth  was 
10.77  in.,  and  the  average  ratio  of  reinforcement  was  0.057. 
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For  the  Lafayette  College  beams  the  dimensions  used  were  those  shown 
in  Figs.  2  and  3.  The  ratio  of  reinforcement  based  on  these  dimensions 
is  0.0368. 

Tables  I,  II  and  III  give  stresses  computed  by  the  straight  line  and 
parabolic  formulas.  In  using  the  parabolic  formula  for  these  and  all 
other  computations  in  this  paper,  it  was  assumed  that  the  vertex  of  the 
parabola,  representing  the  stress  distribution  above  the  neutral  axis,  was 
at  the  top  of  the  beam. 


FIG.   O — VIEW  OF  BEAMS   AT   LEHIGH   UNIVERSITY 


The    columns    in    Tables    II    and    III    headed    "Ratio    f      to    Cylinder 

c 
Strength"  give  the  ratios  of  the   computed  extreme  fiber  stresses   for  the 

maximum  loads  on   the  beams   to   the   strengths  of  the   control  cylinders. 

In   the    column    giving   the    ratios    of   the    secant   modulus   to    the    initial 

modulus,  the  moduli  referred  to  are  those  of  the  control  cylinders.     The 

secant  modulus  was  that  for  the  maximum  load  on  the  cylinder. 

Fig.  10  shows  the  stress-strain  curves  for  the  control  cylinders  tested 

with  the  beams  made   at  Lehigh   University.     Figs.    11   and    12  show   the 
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average  unit  deformations  in  the  concrete  at  the  top  (compression)  surface 
and  in  the  reinforcement  of  these  beams.  The  center  deflections  are  also 
shown  in  these  diagrams.  The  straight  lines  shown  in  these  figures 
permit  a  comparison  to  be  made  between  the  calculated  and  the  observed 
tensile  stresses. 

Figs.  13  to  24  show  the  average  unit  deformations  in  the  concrete  at 
the  top  surface  and  at  the  elevation  of  the  reinforcement  for  the  St.  Louis 
beams.  They  show  also  the  center  deflection  of  the  beams,  the  end  slip 
of  the  reinforcing  rods,  and  the  change  in  position  of  the  neutral  axis 
during  the  test.  These  diagrams  have  been  traced  directly  from  those 
prepared  by  the  Structural  Materials  Testing  Laboratory  organization 
without  detailed  reehecking.  This  work  seems  to  have  been  done  carefully 
and   systematically.      The    ordinates    in   these    diagrams    are    in    terms    of 

M 

— .     Thi3  can  be  converted  into  load  on  the  beam  with  a  fair  degree  of 

hd*  33M 

accuracy  by  placing  each  thousand  pounds  of  load  equal  to  . 

bd2 
Effect  of  Variation  in  Form  of  Distribution  of  Compressive  Stresses 
on  Intensity  of  Extreme  of  Fiber  Stress:  For  a  given  load  on  a  given 
beam  a  variation  in  the  assumed  form  of  the  distribution  of  compressive 
stress  above  the  neutral  axis  may  result  in  a  considerable  variation 
in  the  intensity  of  the  calculated  compressive  stress  which  is  developed 
at  the  extreme  fiber.  To  illustrate  this,  Fig.  6  was  prepared  using  the 
data  of  beam  14AB21.  For  this  purpose,  it  was  assumed  that  the  com- 
pressive stresses  in  the  beam  varied  from  zero  at  the  neutral  axis  to  a 
maximum  at  the  extreme  fiber  according  to  the  ordinates  of  (a)  a  straight 
line,  (b)  a  second  degree  parabola  with  the  vertex  at  the  top  of  the  beam, 
and  (c)  a  fourth  degree  parabola  with  the  vertex  at  the  top  of  the  beam. 
The  resulting  stresses  in  the  concrete  and  the  steel  based  on  these  three 
assumptions  are  shown  for  the  maximum  load  on  the  beam  of  79,060  lb. 
With  the  straight  line  distribution  this  load  would  have  caused  an  extreme 
fiber  stress  of  4,900  lb.  per  sq.  in.  With  the  distribution  according  to  a 
second  degree  parabola,  the  extreme  fiber  stress  would  have  been  3,550  lb. 
per  sq.  in.,  while  with  a  fourth  degree  parabola  it  would  have  been  only 
2,920  lb.  per  sq.  in. 

The  calculated  stresses  shown  in  Tables  I,  II  and  III  for  many  of 
the  beams  were  considerably  higher  than  the  ultimate  strengths  of  the 
control  cylinders.     This  may  be  due  to  several  things: 

( 1 )  As  the  compressive  deformation  in  the  extreme  fiber  increases 
beyond  the  deformation  at  which  the  corresponding  cylinder  would  fail, 
there  must  be  little  corresponding  increase  in  the  stress.  This  is  generally 
indicated  by  the  flattening  of  the  stress-strain  curve  for  high  loads  on  a 
cylinder  under  direct  compression.     This  would  bring  about  a  distribution 
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of  the  compressive  stress  in  the  beam  somewhat  similar  to  that  shown  in 
Fig.  6  for  the  fourth  degree  parabola. 

It  is  apparent  that  this  form  of  distribution  of  compressive  stresses 
would  help  to  explain  the  high  stress  found  when  calculated  by  either 
the  straight  line  or  the  parabolic  formula.  However,  for  this  beam  the 
stress  calculated  at  the  maximum  load  even  by  the  fourth  degree  parabola 
was  greater  than  the  strength  of  the  cylinders  for  the  same  beam,  and  it 
seems  that  the  compressive  strength  in  the  beam  must  really  have  been 
greater  than  the  cylinder  strength.     It  is  very  difficult  to  make  the  curing 
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conditions  the  same  for  the  cylinders  as  for  the  beams,  and  in  this  way 
such  a  condition  may  have  been  brought  about. 

(2)  The  strength  shown  by  the  cylinders  is  an  average  for  the  entire 
cross-sectional  area,  and  this  average  may  be  considerably  less  than  the 
maximum  stress  at  some  point  in  the  cylinder.  This  is  brought  out  by 
reference  to  Figs.  11,  12  and  13,  which  give  the  stress-strain  curves  for 
the  cylinders  made  with  the  Lafayette  beams.  For  each  cylinder  the  two 
curves  show  the  deformations  measured  on  opposite  sides  of  the  cylinder. 
In  all  cases  the  deformation  on  one  side  was  greater  than  the  average 
deformation.  In  some  cases  the  deformation  was  so  great  that  the  maxi- 
mum stress  developed  at  the  maximum  load  must  have  been  much  greater 
than  the  stress  presented  as  the  ultimate  strength  of  the  cylinder.  Some- 
what the  same  relation  would  have  been  brought  out  by  the  stress-strain 
curves   for  the  cylinders  made  with  the  Lehigh  beams,  but  for  the  fact 
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that  for  these  tests  the  curves  are  the  averages  of  six  cylinders  for  each 
beam.  The  variation  in  stresses  on  opposite  sides  of  the  cylinders  has 
been  obscured  by  using  average  values  for  both  sides  and  for  all  cylinders. 
No  cylinder  deformations  are  shown  for  the  St.  Louis  beams,  but  exami- 
nation of  the  data  shows  that  differences  in  deformations  existed  for 
opposite  sides  of  the  same  cylinder.  Compression  failure  did  not  occur 
in  many  of  the  beams  until  the  unit-deformation  was  nearly  twice  as 
great  as  that  which  caused  failure  in  the  cylinders.  This  may  be 
seen  by  reference  to  Figs.   16  to  27. 
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Relation  Between  Form  of  Stress-Strain  Curve  and  Flexural  Strength: 
With  a  low  ratio  secant  modulus  of  elasticity  to  initial  modulus  a  large 
increase  in  deformation  with  a  relatively  small  increase  in  load  when 
nearing  the  ultimate  strength  should  be  found  to  be  a  characteristic  of 
the  stress-strain  curve  for  a  cylinder  in  direct  compression.  With  such 
a  stress-strain  curve  for  the  concrete  the  form  of  distribution  of  the 
flexural  compressive  stress  in  a  beam  may  be  expected  to  resemble  the 
conditions  represented  in  Fig.  6  by  the  fourth  degree  parabola.  If  this 
form  of  stress-strain  curve  is  associated  with  this  form  of  distribution 
of  flexural  compression,  then  a  low  ratio  of  secant  modulus  to  initial 
modulus  should  be  accompanied  by  a  high  ratio  of  flexural  compressive 
strength   to   cylinder  strength.     Fig.   7   was  prepared  to  show  what   the 
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relations  in  this  respect  were.  It  will  be  seen  that  in  general  the  low 
ratios  of  moduli  do  correspond  to  high  ratios  between  compressive 
strengths.  In  other  words  it  would  appear  that  the  high  ratios  of 
flexural  compressive  strength  to  cylinder  strength  for  the  weaker  con- 
cretes probably  is  due  in  some  measure  to  the  sharper  curvature  of  their 
stress-strain  curves.  This  is  probably  another  way  of  saying  that  it  is 
due  to  their  lack  of  elasticity. 

Analysis  to  Determine  Working  Stress:     The  ratios  of  the  strengths 
calculated  by  the  straight  line  formula  and  by  the  parabolic  formula  to 
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the  cylinder  strengths  are  shown  in  Tables  I,  II  and  III.  These  ratios 
for  the  parabolic  formula  have  been  plotted  in  Fig.  8  as  ordinates  and 
the  compressive  strengths  of  the  corresponding  cylinders  as  abscissas.  It 
will  be  seen  that  generally  this  ratio  was  higher  for  concrete  of  low 
strength  than  for  concrete  of  high  strength.  A  small  portion  of  tire 
increase  in  this  ratio  may  be  due  to  the  use  of  too  high  values  of  n  in 
the  computations  for  the  weaker  concretes.  Generally  n  will  be  greater 
for  the  weaker  than  for  the  stronger  concretes,  but  at  most  this  effect 
would  be  small  (perhaps  10%  in  extreme  cases).  Even  so,  the  values 
of  n  used  in  the  calculations  are  those  recommended  by  the  Joint  Com- 
mittee,1 and  since  these  are  the  values  ordinarily  used  for  concretes  of 
these  strengths,  the  diagram  presents  a  fair  basis  for  study. 


1  See    "Final    Report   of   Joint   Committee    on    Concrete    and    Reinforced    Concrete, 
Chapter  VIII,  Section  8. 
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This  diagram  shows  that  in  all  cases  the  beams  tested  at  Lehigh 
University  and  at  Lafayette  College  developed  higher  flexural  compression 
than  did  any  other  beams  for  which  the  cylinder  strength  of  the  concrete 
was  the  same.  Why  this  is  so  is  not  clear,  unless  as  suggested  in  the 
article,  "Manner  of  Failure,"  some  of  the  beams  of  the  St.  Louis  series 
having  concrete  of  high  strength  failed  in  tension.  Even  though  less 
weight  be  given  to  the  beams  tested  at  Lehigh  University  and  Lafayette 
College  than  to  the  St.  Louis  beams    (as  is  indicated  by  the  approximate 
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mean  curve  in  Fig.  8),  it  may  be  said  that  for  concretes  of  a  strength 
of  2,600  lbs.  per  sq.  in.  or  more  the  flexural  compression  (computed  by 
the  parabolic  formula)  developed  in  the  beams  was  about  equal  to  the 
cylinder  strengths,  and  that  for  the  concrete  of  lower  strengths  it  was 
much  greater.     The  equation  of  this  approximate  mean  curve  is. 

fe  /2600-c\2 

—  =  1  +  1 I    ,  where 

c  v  2200  / 

fc  =  computed  compressive  stress  in  extreme  fiber  at  maximum  load, 
c  =  compressive  strength  of  corresponding  control  cylinder. 
In  Fig.  9  the  ratios  of  flexural  strength  of  the  concrete  by  the  straight 
line  formula  to  the  cylinder  strengths  have  been  plotted.     The  approximate 
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mean  curve  shown  in  this  figure  is  the  same  as  the  curve  of  Fig.  8,  but 
the  scale  of  ordinates  corresponds  to  calculations  by  the  straight  line 
formula.  The  equation  of  this  curve  referred  to  the  new  scale  of 
ordinates  is 

fc  [  /2600-c\2 

—  =  1.395     1+  I I 

c  [  y    2200    7 

If  the  approximate  curve  be  taken  to  represent  flexural  compression 
which  could  be  developed  in  beams  having  concretes  of  varying  strengths, 
it  may  be  used  as  a  basis  for  determining  what  working  stresses  might 
have  been  used  in  these  beams  securing  at  the  same  time  the  necessary 
factor  of  safety.     For  structural  grade  steel  with  the  usual  working  stress 

40,000 

the   factor  of  safety  against   failure  by  tension  is  usually  or  2.5. 

16,000 
A  larger  factor  of  safety  for  compression  in  concrete  should  undoubtedly 
be  used.     On  this  basis  the  use  of  the  lower  curve  of  this  figure  to  indicate 
the  safe  working  stresses  would  give  a  factor  of  safety  of  3.08  for  strengths 
of  concrete  shown  in  the  diagram.     The  equation  of  this  curve  is 
fc       1.395  /        /2600-c\2  \  f       /2600-c\2 


;\2  \  f        /2600-c\2] 

-I      1  =  0.453    1  +  1 I       .where 

7     /  [       V  2200  / 


c        3.08  \        x  2200 

All  the  beams  shown  by  open  circles  had  slightly  more  than  three 
per  <fent  of  longitudinal  reinforcement,  and  question  may  arise  as  to  what 
effect  on  the  results  would  have  been  produced  if  with  the  weaker  concretes 
smaller  percentages  had  been  used.  For  beams  of  weaker  concretes,  smaller 
percentages  could  have  been  used  and  at  the  same  time  compression  failure 
could  have  been  secured.  In  fact,  in  most  cases  of  actual  construction  much 
smaller  percentages  would  be  used.  An  examination  of  the  computed 
stresses  for  beams  with  smaller  amounts  of  reinforcement  indicates  that 
if  these  beams  had  had  only  sufficient  reinforcement  to  bring  about  com- 
pression failure  no  change  in  the  nature  of  the  conclusions  would  have 
been  necessitated. 

The  use  of  the  above  equation  for  working  stresses  would  indicate 
that  for  concrete  having  a  strength  of  only  500  lb.  per  sq.  in.,  a  working 
stress  in  compression  of  87  per  cent  of  the  cylinder  strength  could  be  used, 
still  maintaining  the  necessary  factor  of  safety.  For  concrete  having  a 
cylinder  strength  of  2,600  lb.  per  sq.  in.  or  more  the  safe  working  stress 
would  be  45  per  cent  of  the  cylinder  strength.  The  writers  do  not  believe 
it  is  desirable  at  the  present  time  to  go  to  such  lengths  as  this  in  increasing 
working  stresses,  but  it  does  seem  that  a  safe  procedure  would  be  to 
base  the  working  stress  on  the  assumption  that  compression  failure 
would  not  occur  before  the  compressive  stress  calculated  by  the  parabolic 
formula  becomes  equal  to  the  cylinder  strength.  This  would  give  45  per 
cent  of  the  cylinder  strength  as  a  safe  value  for  the  working  stress,  and 
the  additional  toughness  of  the  beams  with  weaker  concrete  would  come 
in   as  an  additional   safeguard   against  accidental  variations   in  strength. 
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For  example,  assume  that  for  a  given  case  the  working  stress  was  based 
upon  a  cylinder  strength  for  the  concrete  of  2,000  lb.  per  sq.  in.  and  that 
the  actual  strength  of  the  cylinders  taken  from  the  job  proved  to  be  only 
1.300  lb.  per  sq.  in.  The  working  stress  in  this  case  would  be  900  lb. 
per  sq.  in.,  and  from  the  diagram  it  appears  that  with  concrete  having 
a  cylinder  strength  of  1,300  lb.  per  sq.  in.  compression  failure  would  not 
be  likely  to  occur  before  the  compressive  stress  (computed  by  straight  line 
formula)   reached  1.88  times  the  cylinder  strength,  or  2,440  lb.  per  sq.  in. 

2,440 

Under  these  circumstances  the  factor  of  safety  would  be ,  or  2.71. 

900 

At  the  bottom  of  Fig.  9  the  horizontal  line  representing  45  per  cent 
of  the  cylinder  strength  corresponds  to  this  proposed  working  stress.  On 
the  right  of  this  figure  are  given  as  ordinates  the  factors  of  safety  which 
correspond  to  this  working  stress.  It  will  be  seen  that  on  this  basis  the 
lowest  factor  of  safety  for  any  beam  which  is  represented  in  this  paper 
would  be  about  2.5.  It  is  probable  that  with  accepted  working  stresses  in 
the  reinforcement  the  factor  of  safety  based  upon  tension  in  the  reinforce- 
ment would  frequently  be  not  greater  than  this.  For  the  majority  of  the 
points  "shown  in  this  diagram  the  factor  of  safety  based  upon  the  compres- 
sion using  a  working  stress  in  the  concrete  of  45  per  cent  of  the  cylinder 
strength  would  be  much  greater. 

Conclusion:  A  recommendation  of  the  use  of  45  per  cent  of  the  com- 
pressive strength  of  the  concrete  as  a  working  stress  will  be  characterized 
by  many  as  a  very  radical  proposal.  If  the  method  of  specification  and 
that  of  inspection  hitherto  prevalent  is  to  be  continued,  the  authors  will 
agree  that  such  a  working  stress  is  too  high.  They  believe  that  the  proper 
form  of  specification  would  specify  a  minimum  strength  to  be  attained 
rather  than  given  proportions  between  cement  and  aggregate.  Correspond- 
ingly a  proper  method  of  inspection  would  determine  by  means  of  tests  in 
the  field  whether  the  specified  strength  was  being  attained.  Such  methods 
have  already  been  proposed.*  Extensive  recent  invstigations  of  the  laws 
of  the  strength  of  concrete  have  shown  some  progress  toward  the  solution 
of  this  problem.  With  such  specifications  and  with  adequate  inspection, 
the  indications  of  the  data  available  are  that  45  per  cent  of  the  actual 
cylinder  strength  at  an  age  of  28  days  as  a  working  stress  in  flexural 
compression  is  not  more  extreme  than  32%  per  cent  of  the  cylinder 
strength  with  a  rated  strength  of  2,000  lb.  per  sq.  in.  for  1:2:4  concrete. 
The  St.  Louis  tests  reported  in  this  paper  give  some  indication  of  what 
strength  may  be  expected  from  concrete  as  placed  in  general  practice.  All  ■ 
the  beams  of  1:2:4  concrete  made  by  Company  A  failed  by  compression 
and  consequently  are  reported  in  Table  III.  The  average  strength  of  the 
cylinders  tested  at  28  days  was  1,372  lb.  per  sq.  in.  At  45  per  cent  of  the 
actual  cylinder  strength  the  working  stress  allowed  would  be  628  lb.  per 


*  C.     M.     Chapman,     "A    New    Form     of    Specification     for     Concrete     Aggregate," 
Proceedings   American    Society    for   Testing    Materials,    Vol.    XVI,    Part    II,    page    180. 
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sq.  in.,  whereas  by  the  Joint  Committee  Recommendations  650  lb.  per  sq. 
in.  would  be  permitted.  There  is  no  reason  for  thinking  that  the  contractor 
would  have  put  any  better  concrete  into  a  building  than  he  put  into  these 
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FIG.    10 STRESS-STRAIN    CURVES    FOR    CONTROL    CYLINDERS    TESTED    AT 

LEHIGH   UNIVERSITY. 
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FIG.   11. — STRESS-STRAIN  CURVES   FOR   CONTROL   CYLINDERS   OF   BEAMS 
TESTED   AT   LAFAYETTE   COLLEGE. 


beams  which  were  to  be  tested.  Yet  this  need  not  be  pointed  out  as  an 
example  of  extremely  poor  work.  In  a  building  recently  constructed  by 
a  contractor  of  highest  standing  and  of  national  reputation,  the  average 
strength  of  the  control  cylinders  of  1:2:4  concrete  was  1,378  lb.  per  sq.  in., 
while  that  of  the  1:1%:3  concrete  on  the  same  job  was  1,337  lb.  per  sq.  in. 
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FIG.    14 — LOAD-STRAIN    CURVES   FOR  BEAMS    T4AA11    AND    14AA12. 
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FIG.    16 — TEST  DATA   FOR   ST.   LOUIS   BEAM    779. 
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FIG.    17 — TEST  DATA  FOR  ST.  LOUIS  BEAM   791. 
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FIG.  18 TEST  DATA  FOR  ST.  LOUIS  BEAM  795. 


average  Maximum  J//p  in  Inches 
,  0        ooso        xnoo       oiso 


Beam  Nq  800 

Co  A 

Steel  rorms 

Gravel  Concrete 

rlandMixed 

Stored  Inside 

Aqe/3nk. 

MUX.  Load  19.000 lb- 


Deflection  in  Inches 

l-J-     \6     I  7 


ooot  0004  ooot  000a  0010  oon  0014  0016  0018  ooso  .ooee  oos4  osas  ooze  0030  oase  oom   '«<?  717  so 

Umt  Deformation  in  Inches  ^wmip6^ 

FIG.   19 — TEST  DATA   FOR  ST.   LOUIS   BEAM   800. 
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FIG.  21 TEST  DATA  FOB  ST.  LOUIS  BEAM  805. 
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FIG.    22 — TEST   DATA   FOK  ST.   LOUIS   BEAM    853. 
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FIG.  23 — TEST  DATA  FOR  ST.  LOUIS  BEAM  863. 
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FIG.    24 TEST   DATA    FOR    ST.    LOUIS   B  .AM    109.1. 
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FIG.  25 — TEST  DATA  FOR  ST.  LOUIS  BEAM  1098. 
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FIG.  27 — TEST  DATA  FOB  ST.   LOUIS   BEAM    1134. 
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The  1:1%:  3  concrete  would  have  been  rated  at  2,500  lb.  per  sq.  in.  on  the 
basis  of  the  Joint  Committee  Report,  and  the  working  stress  would  have 
been  813  lb.  per  sq.  in.,  whereas  using  45  per  cent  of  the  actual  strength 
would  have  given  only  620  lb.  per  sq.  in.  The  conclusion  should  not  be 
drawn  that  the  buildings  so  constructed  are  unsafe.  On  the  other  hand, 
there  is  no  indication  that  the  concrete  in  the  building  referred  to  is  not 
satisfactory,  nor  should  it  be  concluded  that  the  contractor  profits  from 
putting  in  concrete  of  a  low  strength.  It  is  often  stated,  and  probably 
with  justification,  that  many  other  jobs  show  an  excess  of  strength,  which 
brings  up  the  average  to  where  it  should  be. 

With  known  costs  for  concrete,  and  for  steel,  and  with  working  stresses 
fixed  with  relation  to  the  cylinder  strength  of  the  concrete,  there  will  be  a 
certain  strength  of  the  concrete  which  will  result  in  the  most  economical 
structure.  It  should  be  the  purpose  of  the  design  to  determine  what  this 
economical  strength  is,  the  specifications  for  the  concrete  should  specify 
that  strength,  rather  than  an  arbitrary  mix,  and  the  inspection  should  be 
such  as  to  insure  that  this  strength  is  attained.  Of  course,  it  is  possible 
that  all  the  saving  may  be  swallowed  up  in  increased  inspection  cost,  but 
with  the  present  range  of  strengths  for  concretes  of  equal  richness  it 
appears  that  a  considerable  increase  in  the  ratio  which  the  working  stress 
may  bear  to  the  cylinder  strength,  accompanied  by  effective  inspection, 
would  generally  prove  economical  and  that  in  some  cases  it  would  result 
in  a  more  satisfactory  structure  finally. 


DISCUSSION'. 


Mr.  Edward  Godfrey. — It  seemed  to  me  there  are  values  given  in  the 
tables  that  are  quite  a  distance  from  the  average  value  assumed.  Would 
your  factor  of  safety  not  vary  considerably  if  you  took  the  low  values 
instead  of  the  average  ? 

r  Mr.  R.  R.  Zipprodt. — There  was  a  considerable  range  of  strengths  of 
concrete  in  the  various  beams.  With  the  lower  strength  concrete,  we 
found  a  higher  factor  of  safety.  With  the  higher  strength  concrete,  the 
factor  of  safety  was  decreased.     Does  that  answer  your  question? 

Mr.  Godfrey. — I  do  not  know  whether  it  does  or  not.  The  last  two 
diagrams  represent  the  strength  of  the  beams  in  bending. 

Mr.  Zipprodt. — Yes,  sir. 

Mr.  Godfrey. — Then  if  you  take  that  average  and  judge  your  factor 
of  safety  on  that  average,  would  it  not  be  very  far  from  a  good  factor  of 
safety,  when  you  take  the  low  strengths,  supposing  some  of  the  beams 
would  show  that  low  strength  in  place  of  the  average  or  the  high  strength  ? 

Mr.  Slater. — In  the  lower  curve  of  Fig.  9  are  indicated  the  ratios 
of  the  cylinder  strengths  which  could  be  used  as  working  stresses  with  a 
factor  of  safety  of  3.08.  using  the  average  curve  above  as  representing  the 
ultimate  strength.  This  curve  is  given  only  for  information,  and  shows 
that  in  general  a  higher  working  stress  than  the  proposed  value  of  45 
per  cent  of  the  cylinder  strength  could  be  used  with  a  good  factor  of 
safety. 

Mr.  Godfrey  refers  to  the  variability  of  individual  values  of  the 
concrete  strength  from  the  average  curve  and  the  resulting  variation  in 
the  factor  of  safety.  One  of  the  important  purposes  in  using  a  factor  of 
safety  is  to  care  for  just  such  variations  as  those  in  the  strength  of  the 
concrete  and  it  is  not  to  be  supposed  that  for  the  lowest  strength  the  factor 
of  safety  is  as  high  as  the  nominal  value.  However,  using  the  ratios  shown 
by  the  curved  line  as  working  stresses  the  lowest  factor  of  safety  would 
be  for  the  point  plotted  at  a*  concrete  strength  of  500  lb.  per  sq.  in.  For 
this  case  the  working  stress  would  be  about  78  per  cent  of  the  cylinder 
strength  and  the  factor  of  safety  would  be  2.05.  All  but  five  of  the  beams 
represented  in  the  diagram  would  show  a  factor  of  safety  of  2.05,  if 
designed  on  the  same  basis. 

Mr.  Godfrey. — Then  you  design  the  beams  as  you  go  along  and  test 
the  concrete:  how  would  you  make  the  design  before  you  know  what  the 
concrete  is  going  to  show  in  the  cylinder? 

Mr.  Slater. — We  are  not  proposing  a  method  of  inspection.  The 
question  as  to  how  that  may  be  done  is  raised  in  the  conclusion;  there 
we  state  that  if  a  satisfactory  method  of  inspection  can  be  provided  by 
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which  you  can  insure  that  you  will  get  concrete  of  a  strength  not  less 
than  a  certain  amount,  then  the  recommendation  proposed  will  be  safe. 
There  have  been  two  or  three  papers  today  in  which  questions  of  that 
kind  have  been  brought  up,  as  to  whether  we  can  be  sure  of  strength 
greater  than  a  certain  amount.  Whether  it  can  be  done  is  still  open  to 
question. 

Mr.  Godfrey. — In  my  opinion,  good  cement  and  lots  of  cement  and  the 
regular  standard  mix  of  ingredients  is  the  thing  that  will  insure  satisfactory 
poncrete,  all  things  considered.  Mixing  concrete  with  brains  instead  of 
cement  is  precarious.  Brains  are  very  expensive  when  it  comes  to  hiring 
them  from  7  o'clock  in  the  morning  till  6  o'clock  at  night  and  maybe  all 
night,  as  we  would  have  to  do  if  we  kept  an  inspector,  an  expert  inspector 
on  every  job  all  the  time  they  were  pouring  concrete.  Then  there  is  much 
that  seems  to  me  to  be  retroaction.  We  do  not  know  the  strength  of  our 
concrete  beams  until  the  test  comes  out  in  28  days.  We  might  make  a 
guess  in  7  days,  but  the  beams  are  hardened  and  placed  and  it  is  too 
late  then  to  make  any  change,  and  it  is  my  belief  that  we  ought  to  stick 
right  down  to  the  standard  ratios  between  cement  and  sand  and  gravel 
or  broken  stones,  because  cement  is  the  safest  thing  to  base  our  factor 
of  safety  on. 

Mr.  Slater. — May  I  ask  if  Mr.  Godfrey  means  that  he  would  dispense 
with  brains  on  the  job  and  would  use  cement  instead  and  would  stick 
to  1:2:4  concrete,  or  1:1:2  concrete  and  specify  on  the  basis  of  an  arbitrary 
mix  rather  than  make  use  of  any  recent  information  ? 

Mr.  Godfrey. — On  the  whole,  I  would  stick  to  the  present  method. 
There  are  occasions  where  large  quantities  of  concrete  can  be  made  under 
supervision,  where  we  have  hundreds  of  thousands  of  yards  to  make  on  a 
large  job;  but  there  are  so  many  other  jobs  where  it  would  not  be  practical 
to  change  the  mix  and  to  introduce  all  this  artist  stuff,  as  it  has  been 
called,  I  believe,  in  this  convention,  in  the  mixing  of  the  concrete.  The 
large  bulk  of  the  work  done  in  the  country  is  in  many  jobs  where  we  could 
not  employ  an  expert  inspector  every  hour  that  the  work  is  being  done. 

Mr.  Sanford  E.  Thompson. — The  working  stress  of  concrete  used  in 
beams  at  the  present  time,  in  many  cases,  is  50  per  cent  higher  than  the 
working  stress  in  direct  compression,  and  for  the  very  reasons  which  are 
brought  out  in  this  paper,  namely,  that  bending  stresses  act  differently 
from  direct  stress.  It  must  be  remembered,  further,  that  the  factor  of 
the  safety  of  the  steel  referred  to  by  the  author  is  based  on  the  yield 
point  of  the  steel;  the  factor  of  safety  of  the  concrete,  as  I  understand, 
is  based,  on  the  other  hand,  on  the  ultimate  strength  of  the  concrete;  now, 
whereas  concrete  does  not  have  a  very  definite  yield  point,  there  is 
actually  a  yield  point  which  is  much  below  the  ultimate  strength,  and 
furthermore,  with  repeated  loading  of  the  concrete  above  this  yield  point, 
the  concrete  will  eventually  fail.  For  this  reason  a  factor  of  safety  of 
4  in  concrete  is  but  little  more  conservative  than  a  factor  of  4  based  on 
the  ultimate  strength  of  the  steel.     Another  point  that  must  be  taken  into 
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consideration  from  the  standpoint  of  practice  is  the  fact  that  concrete  laid 
by  present-day  methods  is  rarely  up  to  the  standard  strength.  The  wet, 
sloppy,  chuted  concrete  customarily  laid  in  building  construction,  for 
example,  usually  has  only  about  two-thirds  the  strength  of  28  days  that 
is  assumed  in  designing  the  structure,  in  other  words  1:2:4  concrete  is 
apt  to  test  about  1,400  lb.  per  sq.  in.  instead  of  2,000  lb. 

Prof.  A.  N.  Talbot. — This  matter  is  one  in  which  I  have  been  inter- 
ested for  many  years;  in  fact,  one  of  the  standing  problems  given  by  me 
in  research  is  to  hunt  up  the  results  of  all  tests  of  beams  which  can  be 
found  in  which  the  failure  of  the  beam  is  in  compression  of  the  concrete. 
It  has  always  been  interesting  to  me  to  see  how  few  such  tests  were  avail- 
able, even  with  beams  having  a  large  percentage  of  reinforcement.  Most 
of  those  that  can  be  found  are  from  the  tests  of  the  Structural  Materials 
Laboratory  at  St.  Louis,  referred  to,  and  those  are  with  very  high 
reinforcement. 

It  is  easy  to  see  why  the  strength  of  the  beam  in  compression  should 
be  greater  than  that  of  the  column  or  compression  test  piece.  The  com- 
pression test  piece  fails  at  a  unit  deformation  or  unit  strain  about  0.0011 
to  0.0014  in.  per  inch,  a  very  narrow  range,  regardless  almost  of  the 
quality  of  the  concrete.  It  is  pretty  definitely  settled  that  for  specimens 
of  that  kind  the  question  of  deformation  is  the  critical  matter  in  the 
failure  of  the  material  rather  than  the  matter  of  the  stress  which  comes 
upon  it.  In  the  beam,  however,  the  extreme  fiber  may  reach  this  deforma- 
tion, and  not  break,  because  it  is  held  in  place  by  the  fibers  below,  and  those 
fibers  are  held  in  turn  by  the  fibers  below  them. 

In  the  experiments  of  the  University  of  Illinois  published  a  number 
of  years  ago,  there  were  deformations  in  beams  failing  in  compression 
reaching  from  0.0020  to  0.0028  in.,  twice  the  ultimate  deformation  that 
would  be  found  in  the  concrete  in  compression;  this  did  give  an  added 
ultimate  strength  to  the  beam  tested  under  those  conditions.  Evidently 
that  does  give  an  additional  strength,  an  additional  factor  of  safety,  but 
in  all  discussion  which  I  have  heard  when  this  matter  of  the  utilization 
of  the  added  strength  was  considered  in  determining  what  unit  stress  to 
use  as  a  working  stress,  the  argument  has  been  put  forward  by  those 
who  hold  for  the  lower  stresses,  that  while  that  might  be  available  for  a 
single  load  tested  to  failure  by  increasing  the  load,  yet  for  a  continued 
load,  and  especially  for  a  load  having  many  applications,  failure  would 
be  reached  long  before  that  deformation  could  be  obtained.  In  fact,  as 
has  been  referred  to  by  Mr.  Thompson,  many  feel  that  a  value  of  not  more 
than  three-quarters — some  have  put  it  two-thirds  or  even  one-half — of  the 
ultimate  strength  of  the  concrete,  there  is  a  point  at  which  the  beam 
strength  will  end  if  the  loading  is  to  be  repeated  many  times. 

I  remember  the  tests  which  were  made  by  Prof.  Van  Ornum,  at 
Washington  University  many  years  ago,  in  which  failure  came  from  a 
repetition  of  these  deformations.  The  mere  fact  that  these  beams  and 
others  have  held  without  compression  failure  should  not  be  taken  as  an 
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indication  that  that  stress  should  be  used  in  the  same  way  as  the  yield 
point  of  steel  is  used,  as  a  basis  of  the  critical  value  upon  which  the 
working  stress  may  depend. 

The  point  brought  out  by  Mr.  Zipprodt  concerning  whether  we  might 
utilize  this  because  of  the  conditions  of  the  workmanship  is  one  well  worth 
considering.  I  think  that  we  will  all  agree  that  as  time  goes  on  the  art 
of  concrete  construction  ought  to  improve  through  better  knowledge  of 
the  conditions  which  have  to  be  controlled  in  making  proper  concrete, 
through  more  experience  in  knowing  whether  the  concrete  is  being  properly 
handled  so  that  we  shall  not  need  as  large  a  so-called  factor  of  safety, 
that  is,  so  large  a  range  between  the  working  stress  and  the  stress  which 
we  know  the  beam  may  stand  under  the  best  conditions.  Whether  that 
time  has  come,  or  whether  this  value  which  has  been  proposed,  of  45 
per  cent  of  the  cylinder  strength  is  a  proper  one,  seems  to  be  a  question 
which  depends  upon  whether  we  have  come  to  the  time  when  we  can 
depend  on  the  strength  of  these  beams  being  made  in  the  same  way  that 
the  laboratory  beams  are  made.  I  think  I  should  feel  if  I  were  myself  doing 
a  job  with  skilled  labor  and  with  plenty  of  care  given  to  it,  that  I  should 
be  willing  to  use  much  higher  working  stresses  than  I  should  assume 
would  be  proper  in  a  city  under  what  might  be  indifferent  construction  and 
sometimes  very  poor  construction.  That,  it  seems  to  me,  ought  to  be  taken 
into  consideration. 

Mr.  W.  A.  Slater. — There  have  been  several  points  brought  out  that 
would  be  very  interesting  to  discuss,  but  there  are  two  of  them  that  I 
think  are  rather  important.  I  agree  to  the  things  which  Prof.  Talbot 
has  said,  and  I  wish  to  point  out  that  the  proposal  of  45  per  cent  does 
not  contemplate  any  increase  in  working  stresses  over  the.  stresses  which 
now  are  generally  used,  because  with  the  proposal  is  coupled  the  condition 
that  we  get  the  strength  on  which  the  working  stress  is  based.  The 
amount  which  the  strength  of  the  concrete  that  we  now  get  falls  below 
the  strength  on  which  we  base  our  working  stresses  is  so  great  that  45 
per  cent  of  the  actual  cylinder  strength  would  be  no  greater  than  32% 
per  cent  of  the  assumed  strength  rating  1:2:4  concrete  at  2,000  lb.  per 
sq^  in. 

The  other  point  is  in  regard  to  repeated  stresses.  We  do  not  have 
any  final  information  on  that,  and  the  questions  which  both  Mr.  Thompson 
and  Prof.  Talbot  have  raised  are  pertinent  to  this  discussion,  but  there 
are  two  things  which  throw  some  light  on  the  subject.  The  reason  why 
we  may  generally  regard  the  ultimate  strength  of  a  beam  which  fails  in 
tension  as  the  load  at  which  the  steel  passes^  the  yield  point  strength  of 
the  steel  is  that  with  steel  of  an  ordinary  grade  it  is  not  generally  possible 
to  load  the  beam  fast  enough,  after  the  yield  point  of  the  steel  is  reached, 
to  follow  it  down  as  it  deflects;  in  other  words,  even  for  the  first  applica- 
tion of  the  load,  the  maximum  load  is  likely  to  come  at  the  point  at  which 
the  yield  point  of  the  steel  is  reached.  That  is  not  true  as  regards  the 
compression  in  the  concrete,  for  the  reason  that  not  so  large  a  deformation 
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is  required  to  produce  failure.  It  is  not  certain  that  Ave  can  use  the 
ultimate  strength  of  the  beam  under  a  single  -application  of  load  as  a 
criterion  for  its  ultimate  strength  under  repeated  load,  but  as  to  actual 
tests  of  the  beam  for  repeated  loads,  we  have  some  information  which  is 
interesting,  though  not  conclusive.  Four  or  five  beams  have  been  tested 
at  the  Bureau  of  Standards  within  the  past  two  years  under  repeated  loads. 
None  have  failed  by  compression  in  the  concrete.  It  is  true  that  none 
had  stresses  in  the  concrete  which  approach  the  ultimate  strength  of  the 
concrete,  but  all  did  fail  by  tension  in  the  steel  and  in  some  cases  when 
the  stress  in  the  steel  was  no  higher  in  proportion  to  its  yield  point  than 
was  the  stress  in  the  concrete  in  proportion  to  its  ultimate  strength.  All 
of  these  beams  failed  at  much  lower  unit  deformations  in  the  steel  than 
would  be  required  for  tension  failure  under  the  first  application  of  load. 
Just  as  Pjof.  Talbot  points  out  would  be  likely  to  be  the  case  for  compres- 
sion in  the  concrete  if  we  repeated  the  load  often  enough  to  get  com- 
pression failure. 


THE    ECONOMIC    POSSIBILITIES    OF   LIGHTWEIGHT    AGGREGATE 
IN  BUILDING  CONSTRUCTION.* 

By  A.  W.  Stephens.! 

For  the  construction  of  reinforeed-concrete  ships  it  was  desirable  to 
develop  a  concrete  of  minimum  weight  and  maximum  strength.  This  was 
accomplished  by  the  use  of  a  special  fine  ground  portland  cement  and  an 
aggregate  which  has  been  described  in  the  technical  press  as  "an  artificially 
burned  clay  or  shale  uniformly  filled  with  small  non-connecting  cells." 
This  concrete  weighed  about  115  lb.  per  cu.  ft.;  the  mixture  being  one 
part  cement,  two-thirds  part  fine  aggregate,  and  one  and  one-third  parts 
coarse  aggregate. 

The  material  required  for  one  cubic  yard  of  1:2/3:1-1/3  concrete  was 
approximately  3.25  bbl.  cement,  0.32  cu.  yd.  of  fine  aggregate  and  0.64 
cu.  yd.  of  coarse  aggregate.  The  average  ultimate  compressive  strength  of 
this  concrete  at  the  age  of  28  days  was  about  4400  lb.  per  sq.  in. 

This  lightweight  aggregate  is  produced  by  a  special  process,  and  at 
present  has  a  market  price  in  excess  of  that  of  sand,  gravel  and  trap  rock. 

The  successful  use  of  lightweight  concrete  in  the  construction  of  ships 
has  caused  the  question  to  arise  as  to  the  economic  possibilities  of  light- 
weight aggregate  for  concrete  used  in  the  construction  of  buildings,  and  a 
study  of  the  question  is  the  purpose  of  this  paper. 

For  the  purpose  of  studying  the  saving  in  materials  in  building  con- 
struction and  the  consequent  advantage  in  the  use  of  lightweight  aggre- 
gate, it  will  be  assumed  that  it  is  possible  to  produce  concrete  weighing 
144,  135,  126,  114  or  99  lb.  per  cu.  ft.,  respectively,  by  varying  the  kind 
of  aggregate  used.  It  will  also  be  assumed  that  the  ultimate  compressive 
strength  at  the  age  of  28  days  is  2000  lb.  per  sq.  in.,  making  possible  the 
use  of  an  extreme  allowable  compressive  fiber  stress  of  650  lb.  per  sq.  in, 
with  corresponding  values  for  shear,  etc. 

The  use  of  these  concretes  will  first  be  considered  for  a  typical  bay 
16  ft.  8  in.  wide  x  20  ft.  long,  so  located  in  a  building  that  its  slabs, 
beams"  and  girders  are  continuous.  The  slab  is  assumed  of  a  minimum 
thickness  of  4  in.,  the  20-ft.  long  beams  spaced  about  5  ft.  6  in.  on  center 
are  assumed  as  1  ft.  8  in.  total  depth  and  the  girders  are  assumed  as  1  ft. 
10  in.  total  depth. 

For  live-loads  of  200  and  150  lb.,  the  beams  will  be  8  in.  wide  and  the 
girders  12  in.  wide.  For  live-loads  of  100,  75  and  50  lb.  per  sq.  ft.,  the 
beams  will  be  6  in.  wide  and  the  girders  9  in.  wide. 

The  depth  of  beams  and  girders  is  governed  by  the  span  and  to  some 
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extent  by  the  allowable  shear  value,  and  the  width  is  governed  principally 
by  the  amount  of  fireproofing  required  for  the  steel  reinforcement. 

The  amount  of  concrete  per  square  foot  or  floor  for  live-loads  of 
200  and  150  lb.  is  0.565  cu.  ft.  and  for  live-loads  of  100,  75  and  50  lb.  per 
sq.  ft.  is  0.505  cu.  ft. 

The  saving  in  weight  of  steel  reinforcement  per  square  foot  in  the 
floor  construction  by  the  use  of  lightweight  concrete  in  place  of  concrete 
weighing  144  lb.  per  cu.  ft.  is  approximately  the  same  for  live-loads  of 
50,  75,  100,  150  and  200  lb.  per  sq.  ft.,  and  is  as  follows:  For  concrete 
weighing  135  lb.  per  cu.  ft.  the  saving  per  sq.  ft.  is  0.06  lb.;  for  concrete 
weighing  126  lb.  per  cu.  ft.,  0.11  lb.;  for  concrete  weighing  114  lb.  per 
cu.  ft.,  0.19  lb.,  and  for  concrete  weighing  99  lb.  per  cu.  ft.,  0.28  lb.  The 
quantities  are  based  on  the  assumption  that  the  reinforcing  steel  in  the 
floor  members  will  be  of  exact  areas  as  required  by  the  computations, 
although  it  is  not  practicable  to  obtain  this  result  in  actual  construction. 

In  addition  to  the  saving  in  steel  reinforcement  there  is  a  saving  in 
concrete  in  the  columns  due  to  the  reduced  weight  of  the  floor  construction. 
To  determine  this  saving  a  six-story  building  will  be  assumed,  each  story 
height  being  12  ft.  The  allowable  compression  on  the  concrete  in  the 
columns  is  assumed  at  500  lb.  per  sq.  in. 

The  saving  in  concrete  averages  approximately  0.8  cu.  ft.  per  story  for 
135  lb.  concrete;  1.7  cu.  ft.  per  story  for  126  lb.  concrete;  2.7  cu.  ft.  per 
story  for  114  lb.  concrete;  4.2  cu.  ft.  per  story  for  99  lb.  concrete. 
Expressed  in  terms  of  cubic  feet  of  concrete  per  square  foot  of  floor  this 
saving  is  as  follows:  For  concrete  weighing  135  lb.  per  cu.  ft.,  0.0026  cu. 
ft.;  for  concrete  weighing  126  lb.  per  cu.  ft.,  0.0055  cu.  ft.;  for  concrete 
weighing  114  lb.  per  cu.  ft.,  0.009  cu.  ft.;  for  concrete  weighing  99  lb. 
per  cu.  ft.,  0.0128  cu.  ft. 

In  considering  the  saving  in  concrete  and  steel  reinforcement  given 
above,  it  should  be  noted  that  the  slight  saving  in  concrete  in  the  footings 
has  not  been  included.  In  order  to  determine  in  this  case  when  it  is  more 
economical  to  use  lightweight  concrete  than  concrete  weighing  144  lb. 
per  cu.  ft.  it  would  be  assumed  that  concrete  weighing  144  lb.  per  cu.  ft. 
costs  $8.10  per  cu.  yd.,  and  that  steel  reinforcement  costs  4c  per  lb.  in 
place.  On  this  basis  it  will  be  more  economical  to  use  lightweight  concrete 
when  it  costs  less  per  cubic  yard  than  the  units  coArering  this  case  in 
Table  I. 

In  the  case  of  a  20-ft.  square  bay  of  flat-slab  construction  a  similar 
investigation  shows  that  it  will  be  more  economical  to  use  the  light- 
weight construction  when  it  costs  less  per  cubic  yard  than  the  units  given 
in  Table  I  for  this  case. 

In  order  to  determine  the  advantages  in  the  use  of  lightweight  con- 
cretes, having  high  compressive  values,  it  will  be  assumed  that  it  is 
possible  to  produce  a  lightweight  concrete  weighing  135  lb.  per  cu.  ft. 
with  an  ultimate  compressive  value  of  2500  lb.  per  sq.  in.,  permitting  the 
use  of  an  extreme  allowable  fiber  stress  in  compression  of  800  lb.  per  sq.  in. 


154 


Possibilities  of  Light-Weight  Aggregate. 


with  corresponding  values  in  shear,  etc.;  a  126-lb.  concrete  with  an  extreme 
allowable  fiber  stress  in  compression  of  1100  lb.  per  sq.  in.;  a'  114  lb.  con- 
crete with  an  extreme  allowable  fiber  stress  in  compression  of  1400  lb.  per 
sq.  in.,  and  a  99  lb.  concrete  with  an  extreme  allowable  fiber  stress  in  com- 
pression of  1500  lb.  per  sq.  in. 

On  the  above  basis  and  assuming  the  cost  of  steel  reinforcement  and 
concrete  as  before,  it  is  found  that  for  a  continuous  slab  supported  on 
two  sides  on  beams  that  the  use  of  lightweight  concrete  will  be  more 
economical  than  144  lb.  concrete  when  it  costs  less  per  cubic  yard  than  the 
units  given  for  this  case  in  Table  II.  The  units  as  given  take  into  con- 
sideration the  saving  in  concrete  in  columns  as  in  the  first  case. 


Table  I. — Cost  per  Cubic  Yard  of  Concrete. 


Weight  per  cu.  ft.,  in  lb. 

144 

135 

126 

114 

99 

16  ft.  8  in.  x  20  ft.  bay  beam  and 
girder    construction.      Live-load 
per  sq.  ft.,  50,  75,  100,  150,  200  lb. 

$8.10 

$8.25 

18.40 

$8.60 

$8.90 

Live-load 

per  sq.  ft. 

in  lb. 

50 

8.10 

8.25 

8.40 

8.60 

8.90 

20  ft.  square  bay,  flat-slab  construc- 
tion 

75  - 

8.10 

8.25 

8.40 

8.60 

8.85 

100 

8.10 

8.25 

8.40 

8.85 

9.10 

150 

8.10 

8.30 

8.50 

8.70 

9.20 

200 

8.10 

8.50 

8.65 

8.95 

.  9.20 

Note. — Extreme  compressive  fiber  stress  value  650  lb.  per  sq.  in. 


In  the  case  of  the  beam  and  girder  construction,  with  a  bay  16  ft.  S 
in.  x  20  ft.,  the  lightweight  concrete  having  the  high  stress  values  for  live- 
loads  of  50,  75,  100,  150  and  200  lb.  per  sq.  ft.  will  be  more  economical 
than  144  lb.  concrete  when  it  costs  less  per  cubic  yard  than  the  units 
given  for  this  case  in  Table  II. 

For  flat-slab  construction,  20  ft.  square  bay  with  lightweight  con- 
crete of  high  stress  values,  it  is  found  that  the  lightweight  concrete  is 
more  economical  than  144  lb.  concrete  when  for  the  several  live-load  the 
cost  per  cubic  yard  is  less  than  the  units  given  for  the  cases  as  noted 
in  Table  II. 

No  attempt  has  been  made  in  this  investigation  to  develop  new 
types  of  building  construction  to  which  the  use  of  lightweight  concrete 
might  be  especially  adapted. 

These  studies  serve  to  indicate  the  conditions  to  be  met  in  the  use 
of  lightweight  aggregate  if  lightweight  concrete  is  to  compete  with  that 
commonly  used  in  building  construction. 
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Table  II. — Cost  per  Cubic  Yard  of  Concrete. 


Weight  per  cu.  ft.  and  extreme  fiber 
stress  value  in  compression 

144  lb. 
per  cu.  ft. 
.  650  lb. 

135  lb. 

per  cu.  ft. 

800  lb. 

126  lb. 

per  cu.  ft. 

1100  1b. 

114  lb. 

per  cu.  ft. 
1400  lb. 

99  1b. 

per  cu.  ft. 
1500  lb. 

Continuous  slab  between  two  beams 
for  live-loads  50,  75,  100,  150,  200 
lb.  per  sq.  ft. 

$8.10 

$8.50 

$9.10 

$9.50 

$9.80 

16  ft.  8  in.  x  20  ft.  bay,  beam  and 
girder  construction.      Live-loads 
50,  75,  100,  150,  200  lb. 

8.10 

8.50 

9.10 

9.55 

9.80 

Live-load 
per  sq.  ft. 
in  lb. 
50 

8.10 

8.25 

8.40 

8.60 

8.90 

20  ft.  square  bay,  fiatslab  construc- 
tion 

75 

8.10 

8.25 

8.40 

8.60 

8.85 

100 

8.10 

8.50 

8.60 

8.80 

9.10 

150 

8.10 

8.70 

9.15 

9.45 

9.70 

200 

8.10 

9.05 

10.00 

10.20 

10.50 

Committee  Reports  Presented  to  the 

Sixteenth  Annual  Convention 

American  Concrete  Institute 


REPORT  OF  COMMITTEE  ON  BUILDING  BLOCKS  AND  CEMENT 

PRODUCTS. 

The  Committee  on  Building  Blocks  and  Cement  Products  has  to  offer 
for  the  consideration  of  the  Institute  the  following  resolution : 

Whereas  There  is  evidenced  in  building  codes  and  insurance  rates  a 
discrimination  against  building  blocks  as  building  units;  and, 

Whereas  Such  discrimination  is  based  on  poor  blocks  improperly 
made;  and, 

Whereas  The  majority  of  concrete  products  manufacturers  are  mak- 
ing high-grade  building  units;  and, 

Whereas  It  is  impracticable  to  have  tests  made  on  the  products  of 
all  the  manufacturers  at  the  Underwriters'  Laboratories, 

Be  it  Resolved: 

( 1 )  That  tests  by  the  Underwriters'  Laboratories  on  standard  panels 
of  representative  concrete  building  units  are  sufficient  to  demonstrate  the 
fire-resistive  qualities  of  properly  made  units  of  the  various  types  and  to 
form  a  basis  for  fair  and  equitable  rates  of  insurance. 

(2)  That  the  proper  interests  of  the  community  and  of  the  insurance 
company  would  be  amply  safeguarded  by  the  adoption  of  equitable  build- 
ing codes,  regulations  and  specifications  so  as  to  obtain  concrete  building 
units  of  requisite  quality  which  would  conform  in  large  part  to  the  speci- 
fications of  the  Institute. 

(3)  That  discriminatory  rates  on  the  part  of  the  insurance  companies 
would  work  an  unjust  hardship  on  the  communities  who  would  thereby  be 
deprived  of  valuable  and  meritorious  building  units,  and  that  a  hardship 
would  also  be  imposed  on  a  large  and  growing  portion  of  the  concrete  build- 
ing industry,  which  is  producing  a  high-class  product. 

(4)  That  the  Institute  authorize  this  committee  to  enlist  the  coopera- 
tion of  associations,  corporations,  firms  and  individuals  in  furnishing 
materials  and  funds  for  conducting  such  tests,  with  the  understanding 
that  this  committee  has  the  privilege  of  using  results  of  such  tests  in  its 
reports  to  the  Institute. 

(5)  Tbat  the  Institute  appropriate  a  sum  of  money  to  form  part  of 
a  fund  for  conducting  tests  and  to  determine  fully  the  properties  of  con- 
crete building  units. 

(158) 
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The  committee  lias  agreed  to  proceed  immediately  to  draft  a  new  speci- 
fication and  building  regulations  for  concrete  building  units,  and  this  work 
can  very  well  be  carried  on  in  conjunction  with  any  work  on  tests  as  pro- 
vided in  the  above  resolution. 

Roeert   F.   Havlik,   Chairman. 

W.  R.   Harris,  Secretary. 

[By  action  of  the  convention  Resolutions  1,  2  and  3  were  referred  to 
the  Executive  Committee  and  Resolutions  4  and  5  to  the  Committee  on 
Resolutions.  The  latter  committee  later  brought  in  the  following  resolu- 
tion, which  was  adopted  by  the  convention : 

"Whereas  There  is  a  tendency  of  building  codes  and  insurance  rates  to 
discriminate  against  cement  building  blocks,  brick  and  hollow  tile  as 
building  units;   and, 

"Whereas  Tests  by  the  United  States  Geological  Survey,  the  Under- 
writers' Laboratories  and  others  on  standard  panels  representative  of 
these  building  units  are  sufficient  to  demonstrate  the  fire-resistive  qualities 
of  properly  made  units  of  various  types; 

"Therefore  be  it  Resolved  That  the  proper  interests  of  the  community 
and  of  the  insurance  company  would  be  amply  safeguarded  by  the  adoption 
of  equitable  building  codes,  regulations  and  specifications  that  will  permit 
the  economical  use  of  these  building  units  of  requisite  quality  conforming 
to  the  recommendations  of  the  American  Concrete  Institute,  thereby  reliev- 
ing a  large  and  growing  portion  of  the  concrete  products  building  industry, 
"which- is  producing  a  high-grade  building  material,  of  a  hardship  that  is 
now  imposed  upon  it. 

"Ernest  Ashton 

"S.    H.    Hollister 

"Wallace  R.  Harris 

"Harvey  Whipple 

"Frank  C.  Wight 

"Richard   L.    Humphrey,    Chairman." 

Editor.] 


REPORT  OF  THE  COMMITTEE  ON  NOMENCLATURE. 

The  Committee  on  Nomenclature  presented  to  the  1919  convention  a 
report  consisting  mainly  of  definitions  and  standard  forms  for  the  use  of 
the  Institute  in  publishing  the  Proceedings.  These  were  printed  in  the 
Proceedings,  vol.  XV,  1919,  p.  373.  Having  been  before  the  Institute  the 
requisite  number  of  days,  these  definitions  and  forms  are  submitted  to  the 
convention  to  be  passed  to  letter  ballots  as  standard  of  the  Institute. 

W.  A.  Slater,  Chairman. 

[The  convention  voted  to  submit  the  definitions  and  forms  to  letter 
ballot.  The  Institute  voted  April  17,  1920,  to  adopt  them  as  standard, 
— Editor] 
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REPORT    OF    SPECIAL    COMMITTEE    ON    CONCRETE    SHIPS    AND 

BARGES. 

The  original  concrete  ship  program  of  the  Emergency  Fleet  Corpora- 
tion called  for  the  construction  of  thirty-eight  7500-ton  vessels,  three  3500- 
ton  vessels  and  one  3000-ton  vessel,  making  a  total  of  forty-two  vessels. 
Immediately  after  the  armistice,  this  program  was  reduced  to  eight  7500- 
ton  tankers,  two  7500-ton  cargo  vessels,  three  3500-ton  cargo  vessels  and 
one  3000-ton  cargo  vessel,  or  a  total  of  fourteen  vessels.  In  October,  1919, 
the  two  7500-ton  cargo  vessels  were  canceled,  leaving  twelve  vessels  to  be 
completed. 

At  this  date,  all  of  the  four  small  cargo  vessels  are  in  service.  They 
are  tbe  "Atlantus,"  3000  tons  dead  weight,  and  the  "Polias,"  "Cape  Fear" 
and  "Sapona,"  each  of  3500  tons  dead  weight.  Of  the  7500-ton  tankers, 
three  have  been  launched,  the  "Palo  Alto,"  at  San  Francisco,  and  the 
"Selma"  and  "Latham,"  at  Mobile.  The  remaining  five  tankers  are  in 
various  stages  of  completion.  It  is  expected  that  all  will  be  launched  before 
April  1,  and  all  will  be  in  commission  before  June  1. 

In  addition  to  these  vessels,  twenty-one  500-ton  canal  barges  were 
built  by  the  Railroad  Administration  under  the  supervision  of  the  Emer- 
gency Fleet  Corporation.  All  of  these  barges  are  in  service  with  the  excep- 
tion of  one  which  was  sunk  in  the  Hudson  River  in  the  early  part  of 
December. 

Construction  Problems. 
In  general,  it  may  be  said  that  in  carrying  out  the  concrete  ship  pro- 
gram, no  construction  problems  have  been  encountered  that  have  not  been 
successfully  met.  The  original  design  of  the  7500-ton  tankers  has  been 
modified  to  some  extent,  owing  to  the  discovery  of  undesirable  high  stresses 
in  some  of  the  members  under  test  and  service  conditions.  While  the 
revisions  contemplated  involved  concrete  construction  seldom,  if  ever 
before,  attempted,  it  is  believed  that  the  changes  will  remedy  the  undesir- 
able conditions.  The  experience  of  the  vessels  in  service  thus  far  indicates 
that,  so  far  as  the  cargo  vessels  are  concerned,  there  is  ample  structural 
strength,  and,  of  course,  the  barge  is  a  much  simpler  problem. 

Time  of  Construction. 
The  hope  that  reinforced  concrete  would  provMe  a  material  from  which 
hulls  could  be  built  with  much  greater  speed  than  is  possible  in  the  case 
of  steel  has  not  been  realized.  The  average  time  of  constructing  the  con- 
crete hull  has  been  seven  months.  Outfitting  and  equipping  the  hull  have 
taken  on  an  average  between  three  and  four  months.  Undoubtedly  with 
the  experience  gained,  this  time  could  be  materially  bettered  on  future 
work. 

(161) 
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Seaworthiness. 

The  experience  with  the  ships  in  service  thus  far  indicates  that  they 
are  good  sea  boats.  In  every  case  of  which  there  is  record,  these  ships  have 
behaved  admirably  in  heavy  weather  and  have  won  considerable  praise 
from  officers  and  crews.  There  is  generally  very  much  less  vibration  in 
concrete  ships  than  in  corresponding  steel  ships.  There  is  also  a  very 
considerable  increase  in  the  period  of  roll,  which  is  quite  desirable.  The 
increase  in  the  period  of  roll  is  undoubtedly  due  to  the  fact  that  these 
vessels  have  a  relatively  large  moment  of  inertia  around  a  longitudinal 
axis  even  when  loaded  with  cargo.  This  is  due  to  the  mass  of  the  concrete 
shell  which  is  considerably  greater  than  the  mass  of  the  shell  in  a  steel 
ship.  In  none  of  the  vessels  in  service  has  any  leakage  whatever  been 
reported.  A  few  shear  cracks  are  noticeable  in  the  shell  and  bulkheads  in 
all  the  ships  in  service,  but  these  cracks  are  unimportant  and  have  no 
apparent  effect  upon  the  structural  strength  of  the  ship. 

One  characteristic  of  the  concrete  vessels  built  by  the  Emergency 
Fleet  Corporation  should  be  noted  in  this  connection.  Experience  seems 
to  indicate  that  these  vessels  are  unable  to  successfully  withstand  severe 
concentrated  blows  on  the  shell  without  the  shattering  of  the  concrete. 
Impact  which,  in  the  case  of  the  steel  ship,  would  probably  only  cause 
indentation  to  the  plates,  in  the  case  of  the  concrete  ship  is  apt  to  cause 
a  shattering  of  the  concrete  over  the  area  adjacent  to  the  point  of  impact. 
A  number  of  instances  of  injury  of  this  kind  have  been  observed,  particu- 
larly in  the  case  of  the  barges  constructed  for  the  Railroad  Administration. 
In  the  case  of  nearly  every  barge  the  shell  has  been  injured  in  one  way  or 
another,  requiring  repairs  to  the  concrete.  It  has  been  found,  however, 
that  repairs  are  relatively  simple  and  can  be  effected  with  little  loss  of 
time  and  at  almost  negligible  cost.  The  barges  in  question  have  very 
little  protection  in  the  form  of  fenders.  It  is  believed  that  where  adequate 
fenders  are  provided,  so  that  there  is  chance  for  the  absorption  of  the  work 
of  a  blow  by  means  of  some  resilient  material,  such  as  an  oak  fender,  this 
objectionable  feature  of  the  concrete  barge  may  be  obviated.  Fenders  on 
large  ships  have  been  found  to  be  objectionable  and  are  not  being  provided. 

Efficiency. 

The  figures  noted  above  for  the  dead-weight  capacity  of  the  several 
ships  constructed  by  the  Emergency  Fleet  Corporation  are  the  nominal 
dead-weight  capacities  contemplated  by  the  design.  In  no  case  has  the 
nominal  dead-weight  capacity  of  the  ship  been  realized.  The  average  dead- 
weight capacity  of  the  7500-ton  tankers  will  be  in  the  neighborhood  of  6800 
tons.  In  the  case  of  the  "Atlantus,"  nominally  having  a  capacity  of  3000 
tons,  the  actual  dead-weight  capacity  is  2542  tons;  the  "Cape  Fear"  and 
"Sapona,"  nominally  3500  tons,  have  dead-weight  capacities  of  3078  tons; 
the  "Polias,"  nominally  3500  tons,  built  of  heavy  gravel  concrete,  has  a 
dead-weight   capacity   of   24(50   tons.      It   was    expected   that   the   ratio   of 
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dead-weight  capacity  to  displacement  would  run  from  0.55  to  0.60.  The 
actual  ratio  of  dead-weight  displacement  will  not  aA'erage  but  little 
more  than  0.50. 

In  making  a  comparison  between  the  relative  carrying  capacities  of 
steel  and  concrete  ships,  one  important  consideration  should  be  kept  in 
mind.  Taking  into  consideration  a  steel  ship  and  concrete  ship,  each 
having  the  same  dead-weight  capacities,  the  concrete  ship — because  of  the 
greater  weight  of  the  ship  itself — must  have  greater  dimensions  than  the 
steel  ship  and,  in  consequence,  must  have  greater  hold  spaces.  For  heavy- 
weight cargoes,  such  as  steel,  coal  or  oil,  in  which  the  dead-weight  capacity 
is  reached  before  the  hold  spaces  are  filled,  it  is  apparent  that  steel  has 
an  advantage  over  concrete  as  a  material  of  construction,  assuming  that 
the  construction  and  operating  costs  are  equal.  For  bulky  cargoes,  such  as 
ordinary  package  goods,  cotton,  fruit,  or  other  materials  for  which  the 
space  required  exceeds  about  70  cu.  ft.  to  the  ton,  the  concrete  ship  will 
actually  carry  more  dead  weight  than  the  steel  ship  for  the  reason  that 
the  actual  hold  spaces  of  the  steel  ship  will  be  filled  before  her  dead- 
weight capacity  is  reached. 

Costs. 

The  cost  of  the  small  cargo  vessels,  leaving  out  of  consideration  the 
"Atlantus,"  which  was  the  first  vessel  built,  varies  from  $210  to  $300  per 
dead-weight  ton.  The  cost  of  the  7500-ton  tankers  will  vary  between  $200 
and  $250  per  dead-weight  ton.  These  figures  are  based  upon  the  nominal 
dead-weight  carrying  capacity  rather  than  the  actual.  These  costs  natur- 
ally include  certain  experimental  work  and  other  expenditures  which  could 
be  reduced  on  future  work,  so  that  the  above  experience  is  not  a  sufficient 
basis  on  which  to  forecast  the  cost  of  concrete  ATessels  under  peace  condi- 
tions and  skillful  management. 

Conclusion. 

No  definite  conclusions  should  be  drawn  as  yet  from  the  experience 
with  these  vessels.  It  should  be  borne  in  mind  that  all  of  the  vessels  were 
under  construction  at  approximately  the  same  time  and  that  there  was 
little  chance  to  profit  by  experience.  When  it  is  remembered  that  these 
were  the  first  vessels  ever  attempted  of  this  size,  the  showing  is  not  discour- 
aging. The  only  general  conclusion  that  may  be  drawn  from  the  experi- 
ence of  the  ships  constructed  under  the  direction  of  the  Emergency  Fleet 
Corporation  seems  to  be  that  it  is  possible  to  construct  ships  of  concrete 
in  about  the  same  time  and  for  approximately  the  same  cost  as  the  corre- 
sponding steel  ships.  This  indicates  that,  after  there  has  been  more 
experience  in  the  art,  it  will  be  possible  to  reduce  both  the  cost  and  the 
time  for  construction.  There  remains  also  the  question  of  length  of  life 
of  concrete  ships.  Only  time  can  safely  answer  this  question,  although  it 
should  be  stated  that  the  brief  experience  of  the  "Faith"  and  the  Emer- 
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gency  Fleet  vessels  has  disclosed  no  serious  inherent  weakness  to  shorten 
the  life  of  the  concrete  ship. 

Barges  and  canal  boats,  in  order  to  have  a  commercial  future,  must 
apparently  overcome  two  objections — first,  a  reduction  in  cost  as  compared 
with  wood,  and  this  may  come  through  experience  in  design  and  con- 
struction ;  and,  second,  the  development  of  a  method  to  offset  the  damage 
sustained  to  the  hull  from  slight  collisions  with  tugs,  other  boats,  or  in 
docking.  We  are  appending  a  letter  from  James  Bentley,  dated  Feb.  11, 
1920,  which  is  of  unusual  interest. 

This  committee  recommends  that  the  Institute  shall  continue  a  com- 
mittee to  follow  the  development  of  the  concrete  vessel,  reporting  annually. 

H.  C.  Turner,  Chairman. 


Sir:— 

It  seems  to  have  been  definitely  proved  that  concrete  ships  can  be  built,  can  go  to 
sea  and  behave  in  bad  weather  as  well  as  a  steel  ship,  but  as  we  cannot  discount  the 
effect  of  time  we  are  still  in  doubt  as  to  their  commercial  success. 

There  is  no  doubt  in  our  minds  that  the  Isherwood  type  rather  than  the  multiple 
frame  type  is  the  best  adapted  to  concrete  construction,  and  wherever  possible 
long-sweep  curves  should  give  place  to  straight  lines  in  steel  design.  This  also  applies 
to  the  hull  form,  as  it  has  been  our  experience  that  it  is  almost  impossible  to  re-use 
interior  hull  forms  from  that  part  of  the  ship  that  has  complicated  warped  surfaces. 
Were  it  possible  to  use  small  gravel  instead  of  the  sharp-edged  clay  aggregate  that 
we  are  using  a  great  deal  of  expense  could  be  saved  in  the  item  of  patching,  as  it  is 
impossible  to  so  place  our  present  concrete  that  a  perfect  job  is  obtained  where  a 
large  number  of  bars  are  in  close  proximity,  as  they  retard  the  flow  of  the  concrete 
so  that  no   amount  of  vibrating   will  cause   all  voids  to   be   filled. 

We  have  demonstrated  that  the  concrete  ship  can  be  built  by  labor  entirely 
unfamiliar  with  ship  construction,  and  then  at  a  price  lower  than  the  steel  ship,  the 
plant  for  which  work  does  not  require  the  heavy  tools  and  hence  large  item  of  expense 
that   the   steel   yard  necessitates. 

Experience  in  ordinary  concrete  work  is  of  little  value,  as  so  much  more  care  and 
greater  accuracy  has  to  be  demanded  of  the  workmen  that  their  previous  slip-shod 
methods  all  have  to  be  unlearned.  The  formwork  can  be  executed  by  ordinary  form 
carpenters  used  to  reinforced  building  work,  but  should  be  carefully  planned  out  in 
advance  in  the  draughting  room  and  built  in  the  carpenter  shop  so  that  quantity 
methods  may  be  used. 

I  will  confine  myself  to  the  construction  features  from  a  contractor's  point  of 
view,   and   what   little  I    know   about  the   operation   of   these   ships. 

Yard  Equipment. — This  question  is  open  to  a  good  deal  of  discussion.  In  the 
yard  we  operated  at  Jacksonville  we  had  large  guy  derricks  mounted  on  towers  so 
that  the  base  of  the  derrick  was  level  with  the  highest  part  of  the  ship.  The  booms 
covered  the  entire  ships.  In  our  judgment,  two  gantry  cranes,  traveling  the  length 
of  the  ship,  would  probably  have  been  as  good  or  better.  The  derricks  were  not 
entirely  satisfactory.  The  balance  of  the  equipment  consisted  of  a  very  well  equipped 
carpenter  shop,  a  mold  loft,  industrial  railways  throughout  the  yard  to  transport  the 
materials,  a  well-equipped  steel  shed,  with  trolley  carriers  for  handling  the  steel,  and 
power  and  hand  benders.  Also  a  hot-bending  plant  and  furnace  for  heating  the. large- 
sized  rods.  There  was  the  usual  equipment  of  concrete  mixers,  hoisting  towers,  etc. 
The  air  plant,  for  use  in  supplying  air  to  the  hammers,  was  quite  large.  We  had 
altogether  about  100  hammers  for  rapping  the  forms.  In  equipping  a  yard  for  build- 
ing large  concrete  ships,  great  care  must  be  taken  to  get  the  supports  under  the  ways 
heavy  enough.  These  should  be  much  heavier  than  for  an  ordinary  steel  or  wooden 
ship,  as  it  is  necessary  to  hold  the  ship  absolutely  rigid  while  it  is  being  constructed, 
as,  if  the  supports  should  deflect  the  least  particle,  a  crack  might  appear  in  the 
work  that  has  first  been  poured  after  the  load  of  the  upper  work  is  applied. 

Methods  of  Construction. — The  ships  which  we  are  building  are  7500-ton  oil 
tankers.  This  was  a  change  from  the  original  ships  which  were  to  have  been  7500- 
ton  cargo  ships.  Owing  to  the  lack  of  previous  knowledge  and  to  the  various  changes 
made  necessary  to  meet  all  the  inspection  rules  enormous  changes  had  to  be  made  in 
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the  design  as  the  work  went  along.  This  necessarily  slowed  up  the  work  very  much. 
As  fast  as  the  designs  were  received  the  work  was  laid  out  in  a  mold  loft,  the  same 
as  any  ship.  Templates  were  made  of  every  frame  and  from  these  the  forms  were 
accurately  built  in  the  carpenter  shop.  These  were  built  in  panel  form  so  that  they 
could  be  used  over  again.  It  was  the  intention  when  the  work  was  started  that 
eight  ships  should  be  built.  When  the  armistice  was  signed,  however,  the  work  was 
cut  down  to  two  ships.  The  molds  were  built  with  the  intention  of  using  them  over 
again  on  the  other  six  ships.  After  the  outside  forms  had  been  erected  the  shell 
steel  was  then  placed  and  later  the  frame  steel,  and  then  the  inside  forms  for  the 
frames  and  shell.  Owing  to  the  necessity  of  keeping  down  the  weight  of  the  ship  and 
the  large  amount  of  reinforcing  in  the  concrete,  this  steelwork  and  formwork  had  to 
be  done  with  the  greatest  accuracy — not  more  than  1/16  in.  variation  could  be 
allowed  from  the  theoretical  placing  of  the  steel.  This  required  great  accuracy  in 
bending.  For  the  larger  members  we  therefore  used  the  hot  method,  that  is,  we 
heated  the  bars  at  the  points  that  were  to  be  bent  at  to  a  cherry  red,  then  dragged 
them  out  on  a  cast-iron  checkerboard  platform  and  bent  them  to  templates.  The 
result  was  very  satisfactory  and  not  at  all  expensive.  After  the  shell  and  frame 
steel  and  forms  were  placed  this  portion  was  concreted.  Great  difficulty  was  encoun- 
tered in  getting  the  concrete  into  place  as  the  aggregate  used  was  so  light  that  it  did 
not  flow  at  all  steadily  and  the  large  quantity  of  steel  tended  to  retard  it  very  much. 
The  flow  of  the  concrete  was  assisted  by  rapping  the  forms  with  light  pneumatic 
hammers.  The  results  obtained  by  this  method  were  really  quite  remarkable, 
although  even  with  the  greatest  care  some  bad  work  was  obtained.  We  found,  how- 
ever, that  this  high-grade  concrete  could  be  readily  patched  and  did  not  act  exactly 
the  same  as  ordinary  concrete  when  applied  as  a  patch. 

Operation  of  Concrete  Ships. — We  have  watched  the  operation  of  these  ships 
very  closely.  We  find  that  there  is  a  great  prejudice  against  them.  It  is  very  diffi- 
cult to  secure  crews  for  them  and  the  shippers  dislike  to  ship  their  goods  in  them. 
The  cost  of  operation  apparently  does  not  differ  greatly  from  that  of  steel  or  wood. 
They  are  very  dry — they  do  not  leak  any  percentible  amount — they  are,  however, 
very  susceptible  to  injury  by  collision.  Every  time  a  tug  bumps  into  them  they  are 
apt  to  damage  the  upper  works.  This  damage,  however,  is  not  at  all  serious,  and  can 
be  easily  repaired.  In  no  case  have  we  heard  of  one  of  the  frames  being  damaged — 
it  is  simply  the  skin  between  the  frames  that  is  punctured — generally  a  hole  about 
3x4  ft.,  which  can  be  repaired  by  any  sailor  if  he  has  the  proper  materials  on  board. 
They  have  a  quality  of  steadiness  at  sea  that  is  quite  remarkable.  We  give  you 
below  an  extract  from  the  log  of  the  "Cape  Fear"  on  her  trip  from  Jacksonville  to 
New  York  Harbor,  which  covers  this  point: 

"We  run  into  a  gale  from  N.E.  with  a  velocity  of  around  65  miles  per 
hour  on  December  10th  which  lasted  until  December  12th.  During  this  gale 
there  was  a  high  sea  running  and  I  must  say  I  never  in  all  my  sea  going  saw  a 
ship  act  as  graceful  and  well  as  the  Cape  Fear.  At  times  large  seas  came  at  her, 
looking  as  if  they  would  come  aboard  and  the  ship  would  rise  every  time,  proving 
she  has  a  great  amount  of  buoyancy.  I  tried  her  in  the  trough  and  she  rolled 
very  easy.  On  December  14th  we  had  a  moderate  wind  and  sea  from  S.W.  The 
ship  acted  all  right  with  a  following  sea,  but  I  don't  think  she  will  act  as  well 
before  it  as  she  will  running  into,  as  the  stern  appears  to  me  to  be  a  little  fine." 

The  same  kind  of  report  has  been  made  by  many  other  Captains  on  their  trips. 
We  also  give  a  report  of  the  Captain  that  brought  the  "Cape  Fear"  from  Wilmington, 
N.   C,  to  Jacksonville,  when   she  was  brought  over  to  be  outfitted: 

"My  expearence  on  the  cement  ship  Cape  Fear  I  feel  it  my  duty  to  say 
something  of  our  most  delightful  trip  on  that  beautiful  ship.  Wee  left  Wilming- 
ton, N.  C.  August  26th  with  a  very  neat  and  powerful  iron  tug  belonging  to  Gov- 
ernment and  as  she  crossed  the  bar  raising  her  beautiful  bow  high  up  as  if  to 
give  farewell  bow  to  her  name  sake  wee  diserpared  down  the  cost  and  there  never 

.  was  a  more  gracefull  ship  has  never  been  seen.  I  myself  has  bin  going  to  sea 
this  40   years  and  abeerlutely  I  would  rather  take  my  chances  on  one  of  concrate. 

•  Well  now  wee  sighted  Jacksonville  bar.  I  believe  it  is  24  miles  up  river  but 
never  the  less  wee  were  soon  at  the  city  when  the  tug  droped  us  comeing  up  our 
starboard  side  and  noticed  she  was  comeing  head  on  wide  open  think  she  was 
going  to  sink  us  I  steped  back  and  my  god  what  a  ram  and  I  sware  I  never  felt 
it  I  was  standing  directly  over  it  and  I  was  sure  wee  were  ruined  that  was 
some  lick  and  I  tell  right  here  if  it  had  bin  an  steal  or  woden  ship  I  am  sure  it 
would  sunk  her  but  it  did  not  hurt  us  much  they  tell  mee  it  can  bee  repaired  at  a 
very  little  cost  or  delay  and  I  do  know  aney  sort  of  ship  sure  would  have  to  go 
on  the  dock  the  Government  has  goten  the  wrong  idear  that  cement  ships  are  a 
failure  and  you  will  find  very  shortly  they  will  have  to  use  them  or  other  coun- 
tryes  will  bee  far  ahead  of  them.  I  can  not  write  like  I  can  talk  or  I  could  tell 
you  lots  more  never  the  less  if  you  want  to  know  aney  thing  more  I  would  like 
to   talk  with   you.  Archiebald    Marine." 
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The  concrete  ship  draws  slightly  more  water  than  a  steel  ship,  but  not  as  much 
as  a  wooden  ship  of  the  same  carrying  capacity.  For  space  cargoes  the  concrete  ship 
undoubtedly  has  advantages  as  she  has  a  greater  internal  measurement,  as  the  con- 
crete .framing  does  not  take  up  as  much  space  as  the  steel  framing.  For  such  car- 
goes as  cotton,  coffee,  packing-house  products,  harvesting  machinery,  canned  goods, 
etc.,  the  concrete  ships  will  undoubtedly  prove  very  efficient.  For  dead-weight  cargoes, 
such  as  iron  ore,  steel  billets,  and  others  of  this  character,  they  are  not  as  good  as  the 
steel  ships.  They  can  be  built  for  considerably  less  than  the  steel  ships  and  undoubt- 
edly their  maintenance  will  be  less. 

Future  of  the  Concrete  Ship. — In  our  judgment  the  concrete  ship  is  not  going 
to  be  popular  until  after  the  ships  that  are  now  built  and  being  built  are  in  opera- 
tion for  some  time  and  their  worth  proven.  They  are  going  through  a  period  of 
probation,  and  their  future  will  depend  on  the  results  obtained  in  the  operation  of 
these  present  ships.  None  of  the  oil  tankers  have  been  put  into  commission  at  this 
date.  Their  success  remains  to  be  proven.  If  they  are  as  successful  as  we  hope, 
after  two  or  three  years'  trial,  there  should  be  a  big  field  for  them.  However,  the 
design  will  have  to  be  simplified  and  improved.  One  of  the  points  most  dwelt  on  by 
those  who  have  studied  this  problem  is  the  elimination  of  the  frames.  If  a  design 
could  be  worked  out  on  a  flat-slab  principle  without  increasing  the  weight,  this  would 
be  a  big  step  forward.  To  date  this  has  not  been  possible,  but  undoubtedly  will  come 
with  experience. 

(Signed)     James   Bentley. 
Toledo.  Ohio,  Feb.  11,  1920. 


REPORT  OF  COMMITTEE  ON  SIDEWALKS  AND  FLOORS 

In  the  report  submitted  to  the  Institute  at  Atlantic  City  in  June,  1919, 
the  committee  mentioned  a  series  of  wear  tests  of  mixtures  commonly 
employed  in  floor  construction  to  be  carried  out  at  the  Structural  Mate- 
rials Research  Laboratory,  Lewis  Institute,  Chicago,  the  results  of  which 
would   provide    much    useful    data.      An    outline    attached   to    the    present 
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Concrete  Stored  in  Damp  Sand  -  days. 

From  Bulletin  N--2    f-ffect  of  Curing  Conditions 
on  the    Wear  and  Strength    of  Concrete " 
Structural  Materials    Research    Laboratory, Lewis 
Institute,    Chicago,   May  1919, 


report  indicates  the  scope  of  this  investigation  and  the  various  factors 
that  are  being  studied  as  affecting  resistance  to  wear.  The  tests  are  well 
under  way,  but  it  is  not  possible  to  report  results  at  this  meeting. 

Results  of  tests  made  in  a  previous  investigation  at  Lewis  Institute 
are  shown  by  the  accompanying  chart  (from  Bulletin  No.  2,  "Effect  of 
Curing  Conditions  on  the  Wear  and  Strength  of  Concrete,"  Structural 
Materials  Research  Laboratory),  and  are  applicable  to  the  construction  of 
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WEAR  TESTS  OF  CONCRETE  FLOOR  MIXTURES. 
Structural  Materials  Research  Laboratory  Lewis  Institute,  Chicago 
Ovlline  of  Tests. 
(5th  Revision,  Jan.  9,  1920). 
Wear  tests  of  8x8x5-in.  blocks. 
Compression  tests  of  6xl2-in.  cylinders. 
Hand-mixed  concrete. 

Cement:  a  mixture  of  5  brands  purchased  in  the  Chicago  market. 
Concrete  for  each  specimen  to  be  proportioned  and  mixed  separately. 
Make  slump  test  for  plasticity  of  concrete  on  all  cylinders. 
Test  at  age  of  3  months. 

Wear  blocks  to  be  made  in  sets  of  10,  and  cylinders  in  sets  of  4;  one-half  of  all  each  number  on  two  differ- 
ent days,  unless  otherwise  noted. 
Wear  tests  made  in  Talbot-Jones  rattler. 


Mix  by- 
Volume. 
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Aggregate. 


Kind. 


•  Elgin  sand  and  pebbles. 


Lake  sand . 
Elgin  sand . 


Elgin  sand  and  pebbles. . . .  \ 
Chicago  crushed  limestone.  ) 


Elgin  sand  and  pebbles 


Limestone  screenings  (Chi- 
cago)  

Limestone  screenings  (Wis- 
consin)   

Granite  screenings 

Copperstone  screenings 

Slag  screenings 

Chatts  screenings 

Precious  metal  slag 

Marble  screenings 

Disintegrated  sandstone 


Size. 


0-14 

0-8 

0-4 

0-1 

0-f 

0-1* 


0-14 
0-28 


0-1 
0-4 
0-4 
0-1 
0-5 
0-1 
0-4 
0-4 


F.  M. 


2.20 
2.70 
3.00 
4.00 
5.00 
5.75 


1.60 
1.40 

3.00 
4.00 
5.00 
5.50 
5.75 
6.00 
6.25 


3.60 

4.31 
3.29 
3.74 
3.84 
5.41 
4.55 
2.45 
2.27 


Relative 
Consist- 
ency. 


1.10 


1.10 


1.10 


0.90 
0.95 
1  00 
1.05 
1.102 
1.25 
1.50 


Curing 

Condition. 

Days  Stored  in 


Damp 

Sand. 


Air  of 
Labora- 
tory. 


Number 
of  Tests. 


Wear. 


840 


Com- 
pres- 


144 


224 


108 


1  Duplicate  Elgin  sand  and  pebbles  for  wear  tests  only  for  standard  charge  of  si  ot. 

2  Make  6  additional  sets  for  test  at  28  days  for  study  of  rattler  charge. 

3  Make  blocks  in  2  courses:    bottom  3  inches,  from  Elgin  aggregate,  and  top  2  inches,  from  aggregates 
noted.    ■ 
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Group. 

Mix  by 
Volume. 

Aggregate. 

R  elative 
Consist- 
ency. 

Curing 

Condition. 

Days  Stored  in 

Number 
of  Tests. 

Kind. 

Size.     F.  M. 

Damp 
Sand. 

Air  of 
Labora- 
tory. 

Wear. 

Com- 
pres- 
sion. 
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i  Elgin  sand  and  pebbles 

Elgin  sand  and  pebbles 

0-i        4  00 
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1 .  10  -j 

1 

I 

f 
1.10  | 

1 

2 
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14 
28 
42 
56 
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87 
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76 
62 
48 
34 
20 
13 
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14 

21 

28 
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3  mo.2 

9  mo.2 

429 

1 

320 
J 

168 
128 

8 

Absorption  Tests  of  Concrete. 

Retain  all  wear  blocks  in  this  series  for  absorption  tests  in  water  at  room  temperature. 
Continue  to  28  days. 
Miscellaneous  Tests  of  Aggregates. 

Sieve  analysis. 

Unit  weight. 

Absorption  after  3  hours  immersion. 

1  Days  necessary  to  make  age  at  test  60  days. 

2  For  90  days  storage  in  damp  sand. 


one-course  sidewalks  and  floors.  The  present  floor  specifications  of  the 
Institute  call  for  protection  of  the  surface  "for  at  least  ten  days"  by  an 
earth  or  sand  covering  kept  wet. 

The  probable  effect  of  proper  protection  upon  a  floor  surface  of  this 
type  is  graphically  illustrated  by  the  chart.  The  tests  from  which  the 
curves  Avere  obtained  were  all  made  at  the  end  of  120  days  on  four  series 
of  samples;  the  first  was  stored  in  air  120  days;  the  second  in  damp  sand 
3  days  and  in  air  117  days;  the  third  in  damp  sand  21  days  and  in  air  99 
days,  and  the  fourth  in  damp  sand  120  days.  The  concrete  was  equivalent 
to  a  1  :  1%  :  3  mixture. 

The  results  show  that  an  increase  of  over  75  per  cent  in  compressive 
strength  and  a  reduction  of  over  40  per  cent  in  amount  of  wear  or  an 
equivalent  increase  in  resistance  to  wear  is  obtained  by  ten  days'  protec- 
tion with  damp  sand  during  the  early  period  of  hardening;  also  that  an 
increase  in  compressive  strength  is  accompanied  by  a  corresponding  increase 
in  resistance  to  wear. 

When  it  is  considered  that  a  floor  in  a  building  is  seldom  thoroughly 
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wetted  after  the  moisture  present  in  the  concrete  at  the  time  of  construc- 
tion has  dried  out,  the  need  for  proper  and  adequate  protection  of  the 
floor  surface  during  an  early  hardening  is  at  once  apparent.  It  is  almost 
invariable  practice  in  the  construction  of  concrete  roads  and  street  pave- 
ments to  protect  the  surface  during  early  hardening  by  an  earth  covering. 
A  concrete  factory  floor,  particularly  one  subjected  to  heavy  trucking,  is 
an  indoor  pavement,  and  should  have  the  same  kind  of  protection  if  the 
owner  wishes  to  obtain  full  returns  on  the  money  invested  in  the  materials 
and  labor  utilized  in  the  construction  of  the  floor. 

Since  the  meeting  in  June  the  revised  standard  specifications  for 
sidewalks  and  for  floors  have  been  accepted  through  letter  ballot.  The 
committee  has  no  changes  to  suggest  at  present  in  these  specifications,  but 
results  of  the  wear  tests  now  under  way  at  the  Structural  Materials  Re- 
search Laboratory  will  undoubtedly  afford  a  basis  for  improvement  of  the 
specifications  in  the  sections  relating  to  the  construction  of  the  wearing 
surfaces  of  two-course  sidewalks  and  floors. 

J.  E.  Freeman, 

Chairman, 


DISCUSSION. 


Mb.  K.  H.  Talbot. — In  curing  floors  the  practice  in  some  places  has 
been  to  use  sawdust  in  preference  to  sand,  simply  because  of  its  ease  in 
handling  and  its  cleanness.  There  has  been  some  objection  to  the  use  of 
sawdust.  I  wonder  if  Mr.  Freeman  would  not  give  us  his  experience  in 
that  connection? 

Mr.  J.  E.  Freeman. — I  have  nothing  to  say  in  connection  with  actual 
experience  with  sawdust  material  as  to  covering  for  floors,  except  that  it 
has  been  reported  in  a  number  of  cases  that  certain  classes  of  sawdust 
placed  on  the  finished  floor  have  had  an  adverse  effect  upon  the  green  con- 
crete, interfering  with  the  obtaining  of  the  proper  strength  and  wearing 
qualities.  In  view  of  that  fact  the  committee  felt  some  hesitancy  about 
making  a  general  recommendation  with  regard  to  the  use  of  sawdust. 

Mr.  Louis  R.  Cobb. — I  would  like  to  ask  if  there  has  been  much 
trouble  from  discoloration  of  the  floor  slabs  by  the  use  of  either  sand  or 
sawdust  as  a  covering? 

Mr.  E.  D.  Boyer. — -There  is  always  the  danger  in  wood  or  sawdust 
from  tannic  acid  and  consequent  staining  of  the  surface  of  the  floor ;  that 
is  the  reason  we  hesitated  about  recommending  the  use  of  sawdust.  It  is 
no  doubt  cheaper  than  sand,  but  sand  is  a  better  material. 

Mr.  P.  M.  Bruner. — I  have  used  considerable'  sawdust,  having  laid 
the  floors  in  about  twelve  or  fifteen  telegraphic  stations  here  in  Chicago, 
and  we  bought  our  sawdust  wherever  we  could  get  it.  I  do  not  know  from 
what  lumber  the  sawdust  was  obtained,  but  we  have  not  had  a  single 
instance  of  sawdust  discoloring  our  work.  At  the  same  time  I  know  that 
if  you  lay  some  kind  of  lumber  on  a  cement  floor  while  it  is  damp  or  wet 
the  boards  will  stain  the  floor,  due  to  some  material  in  the  lumber.  I  only 
want  to  say  that  we  have  used  sawdust  on  over  200,000  ft.  of  work  and 
never  had  any  complaint. 

Mr.  W.  F.  TubesiNg. — I  find  that  one  of  the  worst  features  of  using 
sand  is  that  on  big  work,  where  a  story  is  placed  every  six  days,  shores 
have  to  be  put  on  top  of  the  floor  almost  two  or  three  hours  after  the 
finish  is  placed.  The  sawdust  retains  moisture  longer  than  sand.  Further- 
more, the  droppings  of  cement  mortar,  which  cannot  be  avoided,  come 
through,  and  in  the  case  of  sand  form  a  hard  surface  which  is  hard  to 
separate  when  you  want  to  clean  the  floor.  The  sawdust  seems  to  break 
up  loosely,  so  that  I  think  on  big  work  I  would  prefer  to  use  sawdust  in 
place  of  sand. 

Mr.  D.  A.  Abrams. — I  think  there  is  no  question  that  sawdust  has  a 
good  many  attractive  features   for  floor  covering.     I  do  believe,  however, 
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that  it  should  be  used  with  considerable  caution.  A  year  and  a  half  or  so 
ago  I  had  a  report  on  the  floor  of  a  very  important  building,  a  laboratory 
building  not  many  miles  from  Chicago,  a  building  that  cost  several  hun- 
dred thousand  dollars.  The  floors  were  found  to  be  in  very  bad  condition. 
A  short  time  after  the  building  was  opened,  investigation  showed  that  the 
floors  had  been  covered  with  sawdust,  and  every  indication  pointed  to 
the  fact  that  the  soluble  acids  in  the  sawdust  had  attacked  the  fresh 
concrete  and  pitted  the  surface  and  given  a  very  inferior  wearing  surface. 
The  experience  in  this  particular  case  with  sawdust  was  very  important, 
and  it  seems  that  considerable  care  should  be  used  in  the  selection  of  saw- 
dust for  floor  covering. 


REPORT  OF  SPECIAL  COMMITTEE  ON  UNITS  OF  DESIGN. 

The  tendency  of  modern  factory  construction  is  toward  simplicity. 
In  the  earlier  days  of  structural  steel,  each  rolling  mill  had  its  own  rolls, 
which  varied  in  small  details  from  those  of  every  other  mill  and  which 
covered  an  enormous  gamut  of  sizes. 

Designing  engineers,  in  striving  for  economy  as  they  thought,  called 
for  sizes  varying  by  a  few  pounds  weight  for  each  slight  variation  of  load 
to  be  carried,  with  the  result: 

( 1 )  That  the  engineering  cost  was  more  expensive  than  neces- 
sary. 

(2)  The  tonnage  output  of  the  rolling  mill  was  reduced, 
owing  to  the  innumerable  changes  in  rolls  required. 

(3)  The  work  of  the  fabricating  shop,  together  with  the 
opportunity  for  error,  was  greatly  increased  owing  to  the  possi- 
bility of  mistaking  one  section  for  another,  which  differed  only 
in  minor  degree. 

It  was,  of  course,  difficult  to  get  material  from  several  different  mills 
and  use  it  interchangeably,  because  of  the  lack  of  standardization.  It 
soon  became  apparent  that  the  multiplicity  of  shapes  and  weights  put  a 
tax  on  the  use  of  structural  steel  that  was  unnecessary  and  undesirable. 
As  a  result,  the  decision  to  roll  only  certain  shapes  and  weights  was 
reached  and  designers  were  compelled  to  adapt  these  shapes  and  weights 
to  their  use. 

Needless  to  say,  a  good  deal  of  agitation  and  misgiving  was  occa- 
sioned, but  today  we  know  that  the  change  has  been  justified,  that  the 
smaller  number  of  sections  to  be  obtained  are  nevertheless  sufficient  for 
any  case  that  may  arise,  and  that  economy  has  gone  hand  in  hand  with 
change.  The  standardization  of  structural  steel  is  but  one  example. 
Mention  might  be  made  of  steel  sash  and  other  items  used  in  the  con- 
struction of  buildings. 

The  lack  of  standardization  with  its  attendant  bothers  is  clearly 
shown  in  the  products  of  the  various  brick  yards;  hardly  any  two  of 
which  produce  brick  of  a  size  and  color  so  nearly  alike  as  to  enable  them 
to  be  used  interchangeably  with  the  bricks  from  another  yard.  In  a  time 
like  the  present,  where  there  is  a  decided  shortage  of  brick,  this  condition 
is  an  unmitigated  hardship. 

Today  we  are  facing  an  unprecedented  demand  for  new  buildings  on 
the  one  hand,  and  a  shortage  of  materials  and  labor,  a  condition  of  con- 
gestion and  embargoes  on  the  railroads,  and  an  unrest  in  the  labor  field 
that  is  reflected  in  a  lessened  output  per  man  for  the  hours  worked.  It  is 
perhaps  due  to  the  shorter  hours  that  there  seems  also  to  be  a  falling  off 
in  efficiency  over  that  which  obtained  before  1916. 
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This  can  be  accounted  for  at  least  partially  if  it  is  remembered  that 
even  before  the  war  the  workmen  did  not  hit  their  full  stride  the  moment 
the  whistle  blew,  neither  did  they  work  at  full  speed  up  to  the  moment  of 
closing  at  noon  or  night,  but  rather  a  period  of  one-half  to  three-quarters 
of  an  hour  of  gradually  increasing  effort  in  the  morning  and  to  a  lesser 
degree  at  noon  elapsed  before  the  average  gait  was  attained,  and  not  less 
than  fifteen  minutes  before  the  finish  of  the  morning  or  afternoon  shift  a 
perceptible  let-down  took  place  as  the  men  got  ready  to  quit. 

This  condition  of  an  early  finish  and  a  slow  start  obtains  today,  but 
owing  to  the  shorter  day  now  prevalent,  it  means  an  actual  decrease  in 
the  total  output  compared  with  the  output  of  an  equal  number  of  hours 
for  the  longer  day;  although  in  each  case  comparing  hour  for  hour  the 
men  may  be  working  at  exactly  the  same  rate. 

The  reduction  of  output  is  greatly  aggravated  by  the  actual  shortage 
of  skilled  and  unskilled  labor.  This  deficiency  is  estimated  by  the  brick 
masons'  union  to  be  not  less  than  10,000  men  for  their  trade  alone.  Such 
a  lack  of  workmen  in  the  face  of  a  tremendous  demand  for  workmen,  both 
by  builders  and  manufacturers,  has  a  tendency  to  increase  the  drift  from 
job  to  job  with  the  resulting  effect  that  new  men  must  constantly  be 
hired  and  educated  for  new  duties. 

It  is  or  should  be  quite  apparent  that,  in  a  limited  period  of  time,  it 
is  much  harder  to  teach  a  man  how  to  perform  a  number  of  different 
tasks  and  obtain  satisfactory  results  each  time  than  it  would  be  to  teach 
one  thing,  and  by  constant  repetition  to  reach  a  high  standard  of  efficiency. 

To  illustrate  this  point,  at  a  visit  to  one  of  the  shipyards  during  the 
early  part  of  1918  inquiry  was  made  in  regard  to  the  sources  of  labor  and 
the  adequacy  of  their  training  for  intricate  work  of  building  ships.  A 
man  working  in  the  copper  shop  was  pointed  out  with  the  statement  that 
his  previous  occupation  Avas  that  of  baker.  The  only  duty  of  this  man, 
insofar  as  the  shipyard  was  concerned,  was  that  of  making  ventilators. 
At  first  his  performance  on  this  by  no  means  simple  job  was  rather 
mediocre,  but  by  constantly  keeping  him  hammering  out  one  kind  of 
ventilator  day  after  day,  a  short  time  only  passed  before  excellent  work 
was  turned  out. 

It  is  quite  possible  to  take  men  of  average  intelligence  and  make 
them  good  workmen  at  any  one  job  in  a  very  short  time,  providing  they 
are  kept  at  one  job  without  variation.  It  is  probable  that  the  diffknilty  of 
obtaining  satisfactory  results  advances  in  a  much  more  rapid  proportion 
than  the  number  of  tasks  to  be  performed  would  indicate. 

At  the  present  time,  the  bar  mills  are  being  forced  to  reduce  the 
number  of  sizes  and  kinds  of  bars  rolled.  This  is  largely  an  economic 
condition.  The  men  in  the  rolling  mills  are  paid  on  a  tonnage  basis,  the 
overhead  of  the  mill,  too,  is  charged  against  the  tonnage  output.  The 
mills  recognizing  these  facts  are  today  rolling  approximately  two-thirds 
of  their  output  in  sizes  above  the  three-quarter  inch  base  size  and  one- 
third  in  sizes  smaller  than  base. 
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To  take  a  typical  case,  one  ton  of  %-in.  round  bars  would  equal  5320 
lin.  ft.,  whereas  it  would  equal  but  1330  ft.  of  %-in.  round  bars.  Unques- 
tionably the  cost  of  labor  and  overhead  on  the  larger  size  must  be  much 
less  per  ton  than  that  of  the  smaller. 

It  is  very  probable  that  for  the  immediate  future  at  least  the  inter- 
mediate 1/16-in.  sizes  will  be  abandoned  and  designers  of  concrete  struc- 
tures will  be  forced  to  content  themselves  with  sizes  that  advance  by 
even  ^'s. 

Citing  again  the  steel  sash  shops  as  an  example  of  the  tendency  toward 
standardization,  just  so  long  as  the  regular  stock  sash  with  flat  heads  and 
horizontal  pivoted  ventilators  are  ordered,  a  reasonable  time  of  delivery 
may  be  obtained.  If,  however,  to  satisfy  a  whim  of  the  owner  or  engineer 
vertically  pivoted  ventilators  are  called  for  the  whole  operation  of  the 
shop  is  thrown  out  of  gear.  The  workmen  in  the  sash  mills  are  paid  a 
regular  rate  plus  a  bonus  for  output.  Just  as  long  as  the  work  is  standard 
and  regular  the  men  earn  a  bonus  worth  while.  Inject,  however,  something 
special,  and  the  routine  of  the  factory  stops;  the  men  do  not  make  their 
bonus,  with  the  result  of  a  prompt  disintegration  of  the  morale  and  a 
great  falling  off  of  efficiency. 

Examples  may  be  multiplied,  but  this  will  perhaps  suffice  to  indicate 
the  desirability  of  standardization,  not  only  in  rolling  mills  and  factories, 
but  in  the  closely  allied  industry,  the  manufacture  of  buildings. 

Constant  thought  and  attention  must  be  given  to  the  relative  cost  of 
labor  and  materials.  In  1916,  on  any  average  job,  a  division  of  the  money 
spent  in  producing  the  structure  would  indicate  that  labor  cost  about  30 
percent  and  materials  purchased  about  70  percent  of  the  total.  Today  the 
division  would  be  approximately  40  percent  for  labor  and  60  percent  for 
materials,  and  it  is  predicted  that  in  the  near  future,  owing  to  the  rising 
price  of  labor,  this  division  may  be  more  nearly  50-50.  As  the  labor  cost 
increases,  it  becomes  self-evident  that  more  and  more  material  can  be 
used  if,  thereby,  labor  can  be  reduced. 

To  apply  this  line  of  reasoning  directly  to  the  individual  parts  of  a 
concrete  building  is  not  simple.  It  is  very  difficult  to  make  it  clearly 
obvious  that  where  a  number  of  beams  in  a  building  are  of  one  size, 
although  the  loading  may  vary  sufficiently  to  allow  decreasing  the  depth 
or  the  width  in  some  instances,  nevertheless  such  change,  while  it  would 
undoubtedly  save  material  would  probably  make  the  saving  at  the  expense 
of  a  considerable  extra  cost  for  labor  and  supervision. 

It  is  proposed  by  the  committee  to  submit  at  the  next  meeting  of  the 
American  Concrete  Institute,  actual  design  and  estimating  data,  illus- 
trating the  possibilities  of  a  greater  degree  of  unification,  particularly 
relative  to  footings,  columns  and  beams. 

In  the  meantime,  a  few  specific  instances  of  details  that  apparently 
economize  but  actually  add  to  cost  will  be  indicated: 

( 1 )      Blueprints  for  a  building  recently  submitted  showed  a 
total  of  54  footings.    These  footings  were  in  the  form  of  truncated 
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pyramids  with  a  square  or  rectangular  base.  Slight  variations 
in  the  size  and  shape  of  the  base  and  of  the  top  on  which  the 
column  rested  resulted  in  19  separate  types  of  footings.  Of  this 
number  14  occurred  once,  2  occurred  twice,  1  three  times,  1 
occurred  five  times,  one  twelve  and  1  sixteen  times. 

The  footings  as  detailed  doubtless  saved  some  concrete  over  that 
required  by  simple  steps,  but  the  saving  was  made  at  the  cost  of  some 
very  fussy  and  expensive  form  work. 

(2)   A  second  example  which  might  be  cited  is  the  case  of  a 
building  with  different  story  heights. 

While  this  may  sometimes  be  necessary  to  tie  into  existing  buildings, 
variations  of  this  sort  require  piecing  out  or  cutting  off  all  supporting 
shores  under  the  floor  forms,  as  well  as  the  column  forms  themselves,  and 
is  an  added  expense. 

On  another  building  of  flat-slab  design  with  circular  interior  columns, 
the  column  caps  were  called  for  6  ft.  6  in.  in  diameter.  The  standard  head 
made  by  the  metal  column  mold  companies  is  6  ft.  in  diameter.  This 
head  was  therefore  a  special  piece  of  equipment  and  cost  considerably  more 
than  the  standard  would.  If  the  head  had  been  made  the  standard  6-ft. 
diameter,  and  y2  in.  extra  concrete  added  to  the  depth  of  the  plinth  the 
shearing  value  of  the  concrete  would  have  been  the  same  and  the  total 
volume  of  concrete  used  woiild  have  been  no  greater  and  a  saving  would 
have  been  made  in  cost. 

To  touch  on  wall  and  interior  columns  in  general  it  is  undoubtedly 
economical  to  keep  the  column  size  unchanged  through  at  least  two 
stories,  varying  the  column  mix,  and  if  necessary,  having  some  excess 
strength  in  the  upper  lift.  This  is  particularly  true  where  the  columns 
are  square  or  rectangular  and  wooden  forms  are  used. 

Still  another  point  in  connection  with  wall  columns  in  flat-slab 
buildings  may  be  illustrated.  In  the  earlier  days  of  flat-slab  construction 
the  use  of  drop  panels  was  largely  confined  to  the  interior  columns,  the 
wall  beam  usually  was  built  entirely  above  the  slab  and  a  simple  haunch 
on  the  inside  face  of  the  wall  column  below  the  slab  sufficed  for  all  but 
extraordinary  demands.  Today,  designs  frequently  call  for  a  plinth  at  the 
wall  column  as  well  as  at  the  interior. 

As  this  plinth  extends  either  side  of  the  column,  it  necessitates  a  small 
drop  beam  the  depth  of  the  plinth  being  carried  across  the  head  of  the 
window,  and  in  order  to  obtain  sufficient  strength,  it  is  also  necessary  to 
carry  the  beam  above  the  slab.  Probably  it  will  not  be  disputed  that  this 
is  more  expensive  than  a  simple  beam  above  the  slab,  and  usually  per- 
forms no  function  which  could  not  have  been  adequately  arranged  in  a 
simpler  way. 

Another  condition  that  occasionally  arises,  is  that  where  it  is  specified 
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that  gravel  can  be  used  for  aggregate  in  the  floors,  beams,  etc.,  but  that 
broken  stone  must  be  used  for  aggregate  in  the  columns. 

In  many  parts  of  the  country  gravel  is  the  only  easily  available  supply, 
or  it  can  be  purchased  more  economically  than  broken  stone.  Under  these 
conditions  gravel  would  naturally  be  desirable,  but  its  use  would  mean 
getting  aggregate  from  different  stock  piles  and  routing  each  batch  of 
concrete  on  the  floor  so  that  no  gravel  concrete  was  placed  in  a  column. 

The  roof  of  a  building  also  requires  careful  attention.  It  is  desirable 
that  the  regular  floor  forms  be  used  with  as  little  variation  as  possible. 
The  story  height  should  be  the  same  as  that  of  the  floors  below.  The  ceil- 
ing should  remain  flat,  and  it  is  a  question  if  it  is  necessary  to  pitch  the 
upper  surface,  provided  a  good  job  is  made  of  the  roofing. 

Summarizing  briefly: 

Footings. — Where  the  sides  of  footings  are  sloped  the  number  of 
forms  to  be  made  should  be  reduced  to  a  minimum  by  utilizing  the  same 
sloped  form  for  footings  even  when  the  area  of  the  base  courses  below  the 
sloped  portion  are  different  sizes.  In  many  cases  a  stepped-up  footing 
without  steel  will  prove  more  economical  than  reinforced  concrete  footings. 
Care  should  be  taken  in  the  use  of  plain  concrete  not  to  exceed  a  reason- 
able unit  in  tension. 

Columns. — In  order  to  effect  economies  in  the  formwork  it  will  often 
be  found  desirable  to  maintain  the  same  cross  section  of  column  through 
several  stories.  In  the  case  of  interior  columns  where  metal  forms  are 
used  it  is  important  that  that  portion  of  the  metal  form  which  adjoins 
the  floor  construction  shall  be  uniform  in  the  several  stories  to  avoid  the 
changing  of  the  floor  forms.  When  metal  forms  are  used  for  interior  col- 
umns the  reduction  in  the  size  of  column,  if  made  at  all,  should  be  made 
in  every  other  story.  The  vertical  steel  reinforcement  should  be  made  up 
of  as  large  bars  as  are  consistent  to  good  practice  in  order  that  the 
handling  expense  may  be  reduced  to  a  minimum. 

Beams  and  Girders. — In  determining  the  depth  of  beams  and  girders 
of  floors  a  careful  study  should  be  made  to  determine  the  depth  which  will 
give  the  minimum  total  cost  for  the  reinforcing  steel  and  concrete  com- 
bined. This  should  be  considered,  although  very  often  the  minimum 
depth  to  be  used  for  a  certain  span  or  the  criterion  of  shear  will  govern 
the  depth  actually  determined  upon. 

In  general,  the  forms  for  roof  construction  should  be  the  same  as 
those  for  the  floors  in  order  to  avoid  the  expense  of  re-making  the  forms. 
It  is  very  seldom  possible  to  re-make  the  forms  and  save  enough  concrete 
to  make  it  worth  while.  Every  effort  should  be  made  to  so  plan  the  con- 
struction that  forms  can  be  used  from  floor  to  floor. 

Story  Heights. — From  the  standpoint  of  economy  it  is  desirable  that 
the  story  heights  be  such  that  it  will  not  be  necessary  to  lengthen  out  the 
column  forms  to  provide  for  the  upper  stories. 
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Steel  Reinforcement. — In  order  to  avoid  excess  of  labor  costs  in  the 
field,  it  is  desirable  to  reduce  the  number  of  lengths  and  sizes  of  reinforcing 
bars  to  a  minimum,  even  if  in  so  doing  a  slight  excess  in  steel  reinforce- 
ment is  sometimes  necessitated.  In  this  connection  the  number  of  bars 
used  in  any  member  should  be  reduced  to  a  minimum,  provided  all  the 
requirements  for  bond,  etc.,  are  taken  care  of.  A  minimum  number  of 
stirrups  of  maximum  size  should  be  provided  to  reduce  labor  cost. 

A.  B.  MacMillan,  Chairman. 


DISCUSSION. 


Mb.  H.  C.  Turner. — We  have  here  a  presentation  of  the  problems  of 
the  contractor  from  the  business  man's  viewpoint.  I  think  that  very 
often  engineers  designing  work  give  too  great  consideration  to  the 
theoretical  problems  of  design  instead  of  the  practical  problems.  In  this 
respect  I  think  contracting  differs  from  manufacturing  today.  I  know 
that  many  manufacturing  concerns  are  meeting  the  high  cost  of  labor 
by  a  more  thorough  study  of  machines  and  manufacturing  processes,  and 
in  some  cases  manufacturers  are  actually  producing  their  products  at  a 
cost  not  so  very  much  above  the  cost  before  the  war.  This  report,  I  think, 
tends  to  point  the  way  for  contractors ;  that  is,  we  must  give  study  to 
the  design  so  that  we  may  minimize  work  in  the  engineering  office  as  well 
as  the  work  of  the  purchasing  department  and  work  in  the  field. 

Mr.  W.  F.  Tubestng. — The  last  couple  of  years  we  have  gone  a  step 
further  than  is  suggested  in  the  report.  We  have  tried  to  make  columns 
conform  to  a  certain  width  so  that  we  could  expand  or  contract  the  column 
by  merely  taking  off  the  cleats.  Also  for  beams  we  use  standard  panels 
which  will  make  the  average  beam  16%  in.  deep  and  will  make  the  average 
girder  about  221/2  in.  deep.  That  is  the  greatest  depth  that  can  be  gotten 
out  of  a  certain  number  of  forms  with  6  in.  boards  nailed  together.  We 
have  found  that  by  so  doing  we  have  been  saving  on  the  lumber  cost  and 
also  on  the  steel  ratio. 

Mr.  L.  C.  Wason. — On  some  buildings  where  truncated,  cone-shaped 
footings  have  been  used,  and  where  engineers  specified  forms  for  that 
shape,  we  have  been  careful  to  mix  the  concrete  plastic,  that  is,  just  stiff 
enough  so  that  it  would  not  slump  down,  and  then  to  build  the  footing 
without  any  formwork  whatever,  probably  using  10  to  15  percent  more 
concrete  than  the  theoretical  design  shown  on  the  plans.  In  making  up 
this  several  times,  there  is  a  saving  of  all  formwork  and  the  advantage  of 
getting  a  strong,  durable  footing. 

Mr.  Cloyd  M.  Chapman. — In  the  report  there  is  an  allusion  to  the 
possibility  of  leaving  the  roof  slabs  flat  on  both  the  under  surface  and 
the  upper  or  waterproof  surface.  I  would  just  like  to  ask  whether  the 
committee  or  anyone  present  has  anything  to  say  in  regard  to  the  use 
of  cinder  concrete  or  the  building  up  of  crickets  or  ditch  surfacing  on 
top  of  a  flat  roof.  I  have  seen  some  difficulties  with  roofs  attributed  to 
the  use  of  cinder  concrete  as  a  means  of  giving  a  pitch  to  a  flat  roof. 

Mr.  W.  F.  Tubesing. — I  can  cite  two  cases  where  the  pitch  produced 
from  the  cinder  concrete  in  three  years  forced  the  wall  out  6  in.     There 
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must  have  been  some  leak  along  the  flashing  where  the  water  got  back  of 
the  wall.     Those  walls  had  to  be  taken  down  and  rebuilt  at  great  expense. 

Mr.  A.  W.  Stephens. — We  have  had  the  same  experience  mentioned, 
that  is,  the  tendency  of  the  parapet  walls  to  be  pushed  out  by  the  expan- 
sion of  the  cinder  concrete.  We  believe  it  to  be  due  to  expansion  of  the 
concrete  rather  than  an  intrusion  of  water,  and  in  much  of  our  later  work, 
where  we  are  using  cinder  concrete,  we  are  providing  an  expansion  joint  in 
the  cinder  concrete  beneath  the  waterproofing,  using  some  plastic  material 
to  fill  the  space.  We  have  not  interpreted  our  trouble  as  being  the  leakage 
of  water  through  the  waterproofing  itself.  I  might  add  that  there  is  a 
danger  in  the  use  of  cinder  concrete,  in  that  if  it  becomes  saturated  with 
water  before  the  roofing  is  put  on,  there  may  be  trouble  for  some  time,  due 
to  the  leakage  of  the  water  which  is  contained  in  the  cinder  concrete 
through  the  roof  slab.  I  remember  one  case  where  a  barrel  was  kept  in 
the  top  story  for  over  a  year  catching  that  water  as  it  dropped. 


REPORT  OF  COMMITTEE  ON  REINFORCED -CONCRETE  HIGHWAY 
BRIDGES  AND  CULVERTS. 

An  outline  is  attached  hereto  of  the  subjects  that  have  come  to  mind 
at  this  time  offering  a  beginning  in  the  work  of  the  committee.  This  outline 
was  submitted  to  the  members  of  the  committee  and  is  presented  here  as  a 
progress  report  of  the  committee  to  the  Institute. 

Recommended  Practice. 

Architecture. — Concrete  lends  itself  to  a  most  graceful  and  admirable 
form  of  architecture  with  special  characteristic  potentialities  in  concrete 
bridge  development  wherein  an  unlimited  field  is  offered.  It  can  hardly  be 
refuted  that  this  feature  has  been  sorely  neglected  in  our  American  bridge 
practice,  the  whole  of  which  has  been  so  recently  and  voluminously  devel- 
oped. There  is  a  need,  of  paramount  importance,  for  a  more  thorough  con- 
sideration of  this  opportunity  as  offered  to  all  phases  of  bridge  design. 

Bridge  Engineer  Torkelson,  of  Wisconsin,  strikes  the  keynote  as  fol- 
lows :  "When  it  is  considered  that  concrete  bridge  work  is  designed  for 
permanence,  the  question  of  proper  appearance  is  a  very  important  one. 
We  can  stand  for  an  ugly  piece  of  work  if  it  is  going  to  be  removed  in  a 
few  years,  but  when  it  is  to  be  permanent,  we  cannot  stand  for  anything 
except  the  best.  Our  experience  is  that  when  taxpayers  get  a  taste  of  work 
that  is  good,  not  only  from  a  standpoint  of  utility  but  appearance  as 
well,  they  are  enthusiastic  about  it  and  more  than  willing  to  pay  the  cost." 

Construction  Joints. — The  question  of  construction  joints  is  one  of 
the  most  important  considerations  in  concrete  bridge  design.  Very  often 
it  is  necessary  to  waive  seemingly  economic  considerations  in  design  in 
order  to  provide  the  proper  construction  joint.  No  bridge  plan  is  com- 
plete without  showing  the  location  of  every  possible  construction  joint' 
involving  the  daily  capacity  of  an  average  mixing  plant,  so  that  the  con- 
tractor will  know  the  intention  of  the  design  beforehand  and  be  prepared 
to  regulate  his  work  accordingly.  Recommendations  should  be  made  deal- 
ing with  construction  joints  of  large  and  small  arches  built  on  either  a 
normal  or  skew  span,  for  horizontal  joints  in  mass  work,  for  joints  in 
rectangular  and  T-beams,  in  slabs,  etc. 

Where  a  pier  or  retaining  wall  is  of  such  height  necessitating  hori- 
zontal construction  joints,  the  rusticated  or  grooved  joint  has  been  used  to 
good  advantage  in  preclusion  of  the  otherwise  irregular,  unsightly  joints. 

The  lengths  of  the  reinforcing  rods  should  be  so  determined  that  only 
a  sufficient  amount  for  the  proper  bonding  should  project  beyond  the  con- 
struction joint.  The  Chairman  has  a  photograph  showing  rods  at  least  35 
ft.  in  length  supported  vertically  above  the  top  or  skewback  of  a  pier  in 
arch  construction. 
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Curbs. — What  height  and  protection?  It  seems  that  extremely  low 
curbs  should  be  avoided  on  bridges.  The  high  cost  prevents  a  vehicle 
mounting  the  sidewalk  and  crashing  through  the  railing. 

Clearances. — The  standard  vertical  and  lateral  clearance  for  steam 
and  electric  railways  should  be  given  in  our  report.  These  are  practically 
uniform  for  all  roads. 

Devices. — It  might  be  advisable  to  give  some  space  to  devices  that 
have  proved  their  worth  in  simplifying  construction,  such  as  form  ties, 
spacers,  bar  cradles  and  hangers,  wire  mesh,  etc.  Devices  in  construction 
will  be  discvissed  under  that  topic. 

Drainage  of  Floors. — As  a  matter  of  fact  expansion  joints,  drainage, 
waterproofing  and  construction  joints  are  so  correlated  that  all  must  be 
considered  jointly  in  a  successful  design  of  a  floor  system.  Water  must 
be  carried  off  the  floor  in  as  many  places  and  as  quickly  as  is  possible. 

Avoid  placing  downspouts  in  concrete  sections  without  due  regard  for 
expansion  of  metal  drain  pipes. 

Avoid  placing  outlet  of  drain  where  the  drip  will  pour  over  concrete 
surface  or  overhead  where  icicle  formation  will  endanger  life.  Copper 
baskets  filled  with  rock  salt  and  placed  at  the  top  of  a  down  spout  has  been 
found  to  be  effective  in  preventing  the  formation  of  icicles  and  freezing 
up  of  pipes. 

The  drainage  of  abutments  and  retaining  walls  by  French  drains  and 
weep  holes  should  be  considered. 

Expansion  Joints. — Expansion  joints  in  concrete  construction  are  as 
absolutely  necessary  as  they  are  in  steel  construction.  How  far  apart  can 
they  be  placed  to  work  effectively  in  the  various  types  of  concrete  design,  in 
floors  over  arches,  spandrel  walls  over  arches,  in  T-beam  or  rectangular 
beam  or  slab  construction,  in  flat  slabs,  in  retaining  walls,  abutments,  etc.  ? 
What  are  the  respective  merits  and  defects  of  the  various  types  of  expan- 
sion joints,  viz.,  sliding  rocker  and  cantilever  joints?  For  the  sliding 
joints,  steel,  copper  and  bronze  plates  and  asphaltic  membrane  have  been 
used  with  varying  degrees  of  effectiveness.  A  complete  break  in  a  structure 
by  an  arrangement  of  a  double  row  of  columns,  depending  upon  the  flexure 
in  the  column  to  take  up  the  movement  due  to  temperature  changes,  has 
proved  effective. 

Sliding  joints,  in  the  chairman's  opinion,  are  to  be  discouraged  on 
account  of  their  uncertainty.  Due  to  unforeseen  slight  settlement  or 
irregular  construction,  a  friction  on  the  sliding  joint  may  be  developed 
which  has  greater  resistance  than  the  vertical  section  of  a  particular 
member  in  shear,  which  results  in  an  unsightly  and  dangerous  crack  near 
the  expansion  joint. 

In  spandrel  floors  over  arches  a  vertical  joint  in  the  floor  slab  formed 
by  cantilevering  slab  from  spandrel  or  cross  walls  has  proved  very  effective 
since  by  this  arrangement  the  vertical  movement  of  the  floor  due  to  rise 
and  fall  of  the  arch  ring  and  the  horizontal  movement  in  the  floor  system 
itself  are  well  taken  care  of. 
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Electrolysis. — What  precaution  should  be  taken  in  reinforced  con- 
crete bridge  construction  to  guard  against  this  possible  destructive  action? 

Flli  over  Arches. — For  arches  and  culverts  placed  under  deep  fills 
what  precaution  should  be  taken  to  prevent  overflow  of  embankment  over 
head-walls  and  wing  walls?  The  slope  of  embankment  used  in  the  deter- 
mination of  the  length  of  barrel  should  vary  for  different  heights  of  fill, 
using  same  material  in  embankment. 

How  should  a  deep  fill  be  made  over  an  arch? 

Foundations. — Classify  the  various  soils  and  give  their  bearing 
power.  Advise  precaution  in  using  these  figures  recommending  actual  tests 
of  soil  for  particular  bridge.  A  thorough  classification  is  necessary  for 
use  in  estimating  purposes  when  time  is  not  available  for  an  actual  test  of 
the  soil. 

Preliminary  Study  and  Investigation  of  Bridge  Site. — What  should 
be  included  in  the  survey,  what  soundings  and  investigation  of  waterway, 
etc.?  Recommendations  of  former  committees  have  covered  these  considera- 
tions very  well. 

Paving. — Requirements  in  design  to  cover  the  various  classes  of  paving. 

Plans. — What  details  are  required? 

Reinforcing  Steel. — Specifications?  Bending  diagrams  and  thorough 
list  of  all  bars  should  be  shown  on  plans.  What  is  best  form  of  stirrups? 
What  protection  of  stubs  exposed  through  winter  weather  ?  What  should 
be  the  minimum  spacing  of  bars  in  beams  ? 

Types  of  Bridges. — Classify  bridges  and  give  type  best  suited  for 
various  general  conditions  of  span,  length,  width,  foundations,  etc. 

Waterproofing. — Waterproofing  systems  can  be  divided  into  two 
classes:  (a)  Membrane  and  (b)  integral,  (a)  Three  materials  generally 
used  are  the  felts,  papers  and  cloth  or  combination  of  these  materials, 
(b)  Numerous  integral  methods,  of  questionable  value,  are  on  the  market. 
These  are  not  applicable  to  any  degree  in  waterproofing  bridge  floors 
susceptible  to  cracks. 

A  waterproofing  membrane  should  be  protected  and  made  more  dur- 
able by  covering  it  with  asphaltic  mastic,  a  layer  of  brick,  or  a  2-in.  layer 
of  concrete.  Asphalts  or  other  bituminous  pavements  should  not  be  laid 
directly  on  the  membrane. 

Piers  and  Abutments. — What  protection  in  streams  to  guard  against 
scouring  action  of  water? 

Piers  in  roadways.  Are  they  a  menace  or  a  help  in  safeguarding 
traffic  ? 

Assumptions  in  Design. 

Arches. — What  range  of  temperature  should  be  considered  in  the 
various  climatic  zones?  Does  the  present  accepted  formula  give  values  in 
excess  of  those  that  actually  exist?  Bulletin  30,  by  C.  S.  Nichols  and  C.  B. 
McCullough,  of  Iowa  State  College,  covers  the  first  effort  known  to  the 
chairman  in   determination  of  the  actual  temperature  changes  and  effect. 
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It  seems  that  this  work  could  easily  be  carried  on  to  check  and  enlarge 
upon  results  already  obtained. 

Table  of  Weights  of  Materials. — Required  a  table  giving  the  weights 
of  all  materials  used  in  design. 

Load  Assumptions. — RevieAv  highway  loadings,  trucks  and  traction 
engines,  also  electric  traction  loading,  enlarging  upon  the  table  of  1919 
committee  report.  Classify  electric  traction  loading  by  weight  in  incre- 
ments of  5  tons  for  both  city  and  interurban  cars,  giving  spacing  of  wheels 
and  truck  centers.  Determine  what  laws  have  been  passed  by  all  state 
legislatures  in  regulating  or  limiting  the  weights  of  vehicles. 

Load  Distribution. — What  distribution  of  concentrated  loads  should 
be  made  over  simple  restangular  slabs,  over  a  series  of  T-beams  OArer  slabs 
superimposed  on  steel  I-beams,  over  arches  distributed  through  various 
depths  of  fills,  and  on  floor  slab  and  girders  of  a  through -girder  bridge? 
In  the  1919  report  of  this  committee,  these  various  considerations  were 
given  thought  for  the  first  time.  The  recommendations  therein  are  by  no 
means  conclusive.  The  subject  is,  therefore,  open  to  wide  discussion  and 
further  investigation. 

Impact. — How  should  allowance  be  made  for  this  factor  ?  By  recom- 
mending a  loading  in  excess  of  an  actiial  loading  or  by  using  actual  loading 
and  adding  a  factor  depending  upon  length  of  span  or  dead-load  or  other 
wise  ? 

Design  of  Slab  of  T-Beams. — The  committee  should  specify  differ- 
ences in  design  of  a  floor  system  of  the  slab  and  beam  type  wherein  the 
dimensions  of  the  one  for  flange  and  stem  do  not  exceed  present  recom- 
mendations as  to  the  effective  width  of  compressed  area,  and  the  other, 
in  which  the  span  of  slab  exceeds  width  of  compressed  area.  In  the  former 
very  little  steel  is  required  in  the  flange  and  no  provision  seems  necessary 
for  the  negative  moment  in  the  slab  over  the  stem.  In  the  latter  it  seems 
reasonable  to  take  care  of  a  negative  moment  in  the  slab  or  flange.  This 
was  covered  in  1919  report  with  reference  only  to  the  first  condition. 

Earth  Pressures. — The  Chairman  understands  that  the  Bureau  of 
Public  Roads  has  made  some  tests  in  determination  of  earth  pressures 
against  retaining  walls.  Much  data  on  this  important  subject  is  needed. 
Means  should  be  taken  to  collect  whatever  data  is  available  and  to  enlarge 
upon  the  tests.  The  subject  could  profitable  be  investigated  as  a  graduate 
thesis  and  the  chairman  therefore  suggests  an  effort  to  interest  the  various 
technical  schools  to  this  end. 

Designs  of  Forms. — What  pressure  should  be  assumed  in  design  of 
forms?     What  unit  stresses  in  the  timber? 

Faulty  Design. — It  might  be  advisable  to  tabulate  some  of  the  mis- 
takes that  have  been  made  repeatedly.  For  example:  (a)  Timber  grillage, 
supporting  masonry  piers  or  abutments,  out  of  the  water,  (b)  Tendency  to 
use  empirical  formulas  in  design  of  walls  and  abutments,  (c)  Avoid  side 
difference  in  sections  of  wing  walls  and  abutments  at  junction  of  the  two. 
(d)  Foundations  above  first  line,  (e)  Lack  of  proper  drainage  of  retain- 
ing walls  and  abutments,  etc. 
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Specifications. 

A  complete  specification  covering  the  selection  of  material  and  regu- 
lation of  work  seems  necessary.  There  are  certain  precautions  that  must 
be  taken  in  all  forms  of  concrete  bridge  work  that  are  not  properly 
covered  by  other  committees  of  the  Institute.  The  specifications  should 
be  complete  in  every  detail  even  though  it  is  necessary  to  repeat  some  of 
the  work  of  other  committees. 

Methods  of  Construction. 

Arch  Construction. — Describe  the  various  types  of  arch  centering 
methods  of  constructing  arches  by  voussoirs;  method  of  constructing  skew 
arches. 

Removal  of  Forms. — More  thorough  recommendations  are  needed 
governing  the  removal  of  forms  for  variable  temperatures.  It  seems  that 
a  more  scientific  analysis  leading  to  definite  regulations  could  be  developed 
governing  this  important  consideration.  There  is  some  good  data  per- 
taining to  this  subject,  the  most  important  of  Avhich  is  a  paper  presented 
by  Prof.  A.  B.  McDaniel,  printed  in  the  1916  Proceedings  of  the  Institute. 

Chuting  Concrete. — This  method  of  depositing  concrete  has  developed 
so  rapidly  and  with  such  presumable  success  that  many  abuses  of  the 
system  exist.  The  committee  should  ferret  out  these  abuses  and  incorporate 
warnings  precluding  same  in  proposed  new  specifications. 

A.  B.  Cohen,  Chairman. 
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In  the  report  of  this  Committee  for  1919,  certain  recommendations 
were  made,  relating  to  engineering  practice  for  reinforced-concrete  columns, 
where  four-hour  fire  protection  is  required.  In  the  interval  since  that 
report  was  prepared,  a  considerable  number  of  fire  tests  of  concrete  columns 
have  been  made  by  the  Bureau  of  Standards  at  Pittsburgh.  These  results 
are  to  be  found  in  a  report,*  entitled  Fire  Tests  of  Concrete  Columns,  that 
has  been  submitted  to  the  Institute  for  presentation  at  the  1920  meeting, 
and  which  contains  data  which  seem  to  justify  the  recommendation  of.  one 
additional  aggregate  and  of  one  additional  expedient  for  the  prevention  of 
spalling. 

As  will  be  seen  from  that  report  and  the  previous  reports  of  the  fire 
tests  of  concrete  columns  made  at  Pittsburgh,  extensive  spalling  has 
invariably  taken  place  in  the  fire  tests  of  hooped  columns  from  highly 
silicious  gravels,  made  in  the  usual  way.  Most  of  the  columns  tested  have 
had  a  thickness  of  1%  in.  of  protective  concrete  over  the  steel.  Two  col- 
umns, Nos.  79  and  80,  from  Pittsburgh  gravel,  with  2%  in.  of  protective 
concrete  (see  Table)  gave  results  that  were  distinctly  better  than  those 
with  protective  concrete  only  1%  in.  thick,  Nos.  73,  74  and  others,  and 
yet  so  poor,  in  comparison  to  those  shown  by  columns  from  more  favorable 
aggregates,  with  1%  in.  of  protective  concrete,  that  the  expedient  of  secur- 
ing better  protection  in  the  case  of  columns  from  highly  silicious  gravel,  by 
providing  an  unusual  thickness  of  protective  concrete,  does  not  seem 
worthy  of  recommendation.  On  the  other  hand,  the  two  columns  from 
Pittsburgh  gravel,  Nos.  77  and  78,  with  a  thickness  of  1%  in.  of  protective 
concrete,  reinforced  by  a  light  grade  of  expanded  metal,  of  large  mesh,  to 
prevent  the  loss  of  protective  concrete  by  spalling,  gave  fairly  satisfactory 
results.  While  the  results  of  the  test  of  these  columns  were  not  as  good  as 
those  columns  from  limestone,  trap  rock  and  blast  furnace  slag  aggregates, 
the  loss  of  strength  in  the  four-hour  fire  test,  as  determined  by  loading 
to  failure  in  the  furnace  while  the  column  was  still  hot,  was  less  than  60% 
in  both  cases,  which  presents  a  strong  contrast  to  the  results  from  columns 
from  the  same  aggregate,  Pittsburgh  gravel,  without  reinforcement  in  the 
protective  concrete,  which  failed  under  the  working  load  before  the  four- 
hour  fire  test  was  completed. 

Columns  from  Pittsburgh  gravel,  Nos.  82  and  83,  with  2%  in.  of 
protective  concrete,  with  the  light  expanded  metal  reinforcement  in  the 
outer  concrete,  to  prevent  the  loss  of  protective  concrete  by  spalling,  could 
not  be  loaded  to  failure  in  the  furnace,  at  the  end  of  the  four-hour  fire  test, 
due  to  the  fact  that  their  strength  exceeded  the  load  limit  of  the  furnace 
equipment,  which  is  equivalent  to  a  stress  of  approximately  3480  pounds 


*  Printed  on  p.  20  of  this  volume. 
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per  square  inch  on  the  effective  area  of  these  columns.  When  tested  cold, 
after  fire  test,  in  a  testing  machine  of  high  capacity,  these  columns  showed 
an  ultimate  strength  only  slightly  lower  than  that  of  a  similar  column,  No. 
84,  which  had  not  been  subjected  to  fire  test.  Judging  from  these  results, 
it  would  appear  that  if  the  protective  concrete  of  columns  from  highly 
silicious  gravel  aggregates  were  reinforced  with  expanded  metal  so  as  to 
prevent  loss  of  protective  concrete  by  spalling,  they  would  be  sufficiently 
protected  by  the  thicknesses  of  protective  concrete  recommended  for  differ- 
ent conditions  in  the  last  report  of  this  committee.  The  expedient  of  pro- 
viding such  reinforcement  in  the  protective  concrete  of  columns  made  from 
highly  silicious  gravels  is  accordingly  included  among  the  recommendations 
for  columns. 


Data  from  Tests  of  Round  Hooped  Columns  of  Fifteen -Inch 
Effective  Diameter. 


Aggregate. 


Thickness 

Column 

of 

No. 

Protective 

Concrete, 

in. 

73 

m 

74 

m 

75 

m 

*77 

m 

•78 

m 

79 

2V2 

80 

2V2 

81 

2V2 

*82 

2V2 

*83 

2V2 

*84 

2H 

85 

Wi 

86 

\y2 

87 

Wt 

Time  of 
Failure 

under 
Working 

Load. 


Hrs.      Min. 


Max.  Stress, 
Tested  Cold 

without 

Fire  Test, 

lb.  per  sq.  in. 


Max.  Stress 
at  End  of 

4-hour 
Fire  Test, 

lb.  per  sq.  in. 


Max.  Stress 

Tested  Cold, 

having  been 

Loaded  to  3480 

lb.  per  sq.  in., 

at  End  of  4-br. 

Fire  Test. 


Pittsburgh  gravel . 
Pittsburgh  sand .  . 


High  limestone  gravel . 
High  limestone  sand .  . 


5,590 
5,155 

5,620 


1,995 
2,120 
1,495 
1,640 


5,115 
4,950 


4,440 
5,240 


'  Those  columns  wnich  had  expanded  metal  in  the  protective  concrete  are  indicated  by  an  asterisk. 


Two  gravel  concrete  columns,  Nos.  S5  and  86,  in  which  the  aggregate 
was  low  in  quartz  contest,  have  been  fire-tested.  Approximately  ninety 
per  cent  of  the  gravel  was  made  up  of  limestone  pebbles  and  there  was  a 
high  percentage  of  limestone  in  the  sand.  The  columns  had  1%  in.  of 
protective  concrete  with  no  expanded  metal.  These  columns  showed  no 
tendency  to  spall  in  the  fire  test  and  gave  comparatively  good  results  in 
other  respects.  Neither  of  them  failed  under  the  maximum  furnace  load 
when  tested  hot  at  the  end  of  the  four-hour  fire  test.  Wben  tested  cold, 
after  the  fire  test,  the  ultimate  strength  was  found,  in  both  cases,  to  be 
more  than  75  per  cent  of  that  of  a  similar  column,  No.  87,  which  had  not 
been  submitted  to  fire  test.  These  results  indicate  that  gravels  and  sands 
that  are  very  high  in  limestone  content  are  suitable  for  use  in  fire-resistive 
concrete.    It  is  probable  that  all  gravels  that  are  low  in  quartz  may  prove, 
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on  investigation,  to  be  free  from  the  spalling  tendency.  How  high  a  pro- 
portion of  quartz  can  be  included  in  gravels  without  the  resulting  concretes 
spalling  under  fire  test  conditions  cannot  be  determined  from  the  tests 
thus  far  made.  The  evidence  now  available  appears  to  be  sufficient,  how- 
ever, to  justify  the  recommendation,  which  is  to  be  found  in  a  later  para- 
graph of  this  report,  that  gravels  high  in  limestone  content  be  given  a 
preference,  for  fire-resistive  concrete,  over  highly  silicious  gravels. 

The  recommendations  made  in  the  report  of  this  committee,  for  1919, 
amended  to  conform  to  the  evidence  presented  in  the  foregoing  discussion, 
may  be  stated  as  follows: 

1.  That  in  concrete  columns  where  four-hour  protection  is  required, 
protective  material  not  less  than  2  in.  in  thickness  shall  be  provided  over 
the  steel.  In  columns  in  which  a  high  percentage  of  steel  is  used,  increasing 
the  importance  of  affording  it  ample  protection,  the  thickness  of  protective 
material  shall  be  21/£  in.  for  four-hour  protection,  and  special  care  shall  be 
given  to  the  accurate  placing  of  the  steel  in  the  forms,  to  avoid  inadequate 
protection  on  any  side. 

2.  That  for  fire-resistive  construction,  limestone,  trap  rock,  blast 
furnace  slag,  well  burned  clay  and  gravels  composed  largely  of  limestone 
pebbles  be  given  a  preference  over  highly  silicious  gravels. 

3.  That  where  highly  silicious  gravel  aggregate  is  to  be  used,  in 
columns  without  hooping,  and  with  no  special  safeguards,  round  columns  be 
given  a  preference  over  rectangular  ones. 

4.  That  where  highly  silicious  gravel  aggregate  is  to  be  used,  all 
columns,  but  especially  rectangular  columns  and  round  columns  with  spiral 
reinforcement,  be  safeguarded  by  means  of  one  of  the  following  expedients: 

(c)  Placing  expanded  metal  or  other  high  weight  large  mesh  rein- 
forcement in  the  outer  concrete  to  prevent  the  loss  of  protective  concrete  by 
spalling. 

(6)  Giving  columns  additional  protection  of  approximately  1  in.  of 
cement  plaster,  either  on  metal  lath  or  reinforced  with  light  expanded 
metal  or  other  suitable  material. 

W.   A.  Hull.  Chairman. 


REPORT  OF   COMMITTEE  ON  RElNFORCED-CONCRETE 
STORAGE  TANKS 

The  committee  has  held  several  meetings  at  which  a  tentative  recom- 
mended practice  for  fuel  oil  storage  tank  construction  was  discussed.  A 
number  of  important  changes  have  been  made  in  the  preliminary  draft  as 
prepared  prior  to  the  meetings,  and  the  revised  recommendations  will  be 
placed  in  proper  form  to  be  included  in  the  "Proceedings"  of  this  conven- 
tion as  information  accompanying  this  progress  report. 

These  tentative  recommendations  concern  only  reinforced-concrete 
tanks  for  fuel  oil  storage  and  do  not  cover  the  construction  of  large 
concrete-lined  earthen  reservoirs,  since  that  is  really  a  separate  subject. 

Your  committee  feels  that  a  joint  conference  with  the  National  Fire 
Protection  Association's  Committee  on  Inflammable  Liquids  is  highly  desir- 
able as  a  means  of  formulating  a  joint  report  on  the  subject  of  concrete 
tanks  for  fuel  oil  storage  which  will  be  acceptable  both  from  the  stand- 
point of  construction  and  fire  protection.  The  committee  requests  therefore 
that  it  be  empowered  to  invite  the  N.  F.  P.  A.  committee  to  such  a 
conference  and  select  from  our  committee  representatives  to  meet  with 
similar  representatives  from  the  N.  F.  P.  A.  committee  in  joint  conference 
to  prepare  such  a  report.  It  is  felt  that  such  a  joint  committee  having  the 
sanction  of  both  organizations,  could  prepare  a  report  which  would  have 
more  weight  than  if  the  Institute  were  to  prepare  an  individual  report, 
since  many  of  the  factors  entering  into  the  construction  of  a  concrete  oil 
storage  tank  are  directly  connected  with  the  subject  of  fire  protection. 

Supplementing  this  progress  report  the  committee  submits  as  infor- 
mation data  on  the  general  subject  of  fuel  oil  and  concrete  tanks  for  fuel 
oil  storages. 

Data  on  Fuel  Oil  Tanks. 

The  advantage  of  fuel  oil  over  bituminous  coal  for  power  production, 
combined  with  the  insecurity  felt  by  manufacturers  and  other  users  of 
fuel  in  the  labor  situation,  as  related  to  coal  production,  has  stimulated 
the  use  of  fuel  oil  to  such  an  extent  that  many  large  installations  of  oil- 
burning  apparatus  have  been  made,  and  its  continued  and  increasing  use 
is  anticipated. 

As  fuel  oil  presents  a  definite  fire  hazard  if  not  properly  controlled, 
the  best  method  of  storing  and  handling  it  is  now  being  studied  by  national 
organizations,  and  by  municipal  districts  having  interests  to  protect. 

Physical  Pkoperties  of  Fuel  Oil. 
In  answer  to  the  question  that  sometimes  arises,  "What  is  a  fuel  oil?" 
these  quotations  are  given  from  a  paper  presented  by  Ernest  H.  Peabody, 
of  the  Babcock  and  Wilcox  Co.,  at  the  International  Engineering  Congress, 
San  Francisco,  1915: 
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What  Is  Fuel  Oil? 

The  origin  of  petroleum  can  hardly  be  considered  an  important  matter  to  pros- 
pective users  of  fuel  oil.  The  question  whether  it  is  animal,  vegetable  or  mineral, 
or  all  three  (which  seems  likely),  organic  or  inorganic,  belongs  rather  to  the  province 
of  the  geologist  to  decipher.  Those  interested  may  refer  to  the  scientific  papers  on 
this  topic,  published  in  the  Transactions  of  the  American  Institute  of  Mining  Engineers 
for  1914,  and  I  understand  also  that  a  paper  is  to  be  presented  at  the  Fourth  Inter- 
national Petroleum  Congress  at  San  Francisco,  1915,  by  Dr.  David  T.  Day,  of  the 
U.  S.  Bureau  of  Mines,  which  will  settle  the  controversy — probably.  But  the  avail- 
able supply  of  oil  and  prospects  of  its  continuance  are  of  prime  importance  to  the 
vessel  owner  who  contemplates  using  oil  as  a  fuel. 

Let  us  consider  them:  In  the  first  place.  What  is  fuel  oil?  We  are  told  that 
petroleum  consists  of  very  many  combinations  of  carbon  and  hydrogen  and  hydro- 
carbons, which,  while  they  may  be  entirely  simple  to  the  chemist,  seem  extremely 
complicated  and  abstruse  to  the  lay  mind,  as,  for  example,  Propane  (CH3CH2CH3)  or 
Dimelhylpropylmethane    (C3H2)    CH    (CH2CH.,CH3),    or    Hentriacontene    (Ca2HC6). 

How  much  of  this  intricate  product  may  we  expect  to  be  turned  over  for  use 
as  fuel  oil?  I  have  asked  Dr.  Day  to  answer  this  question,  and  am  indebted  to  him 
for  the   following  statement: 

"From  the  standpoint  of  the  petroleum  trade,  fuel  oil,  in  general,  includes  all 
oils  which  are  not  saleable  for  some  other  special  purpose  at  a  higher  price  than 
that  which  prevails  for  oils  to  be  sold  for  fuel  iols,  or  to  be  burned  under  boilers. 
From  the  trade  point  of  view,  it  also  includes  special  distillates  burned  for  power 
purposes,  such  .as  gasolene,  naphtha,  motor  spirits,  and  various  kerosene  distillates. 
The  actual  amount  of  oil  devoted  to  fuel  purposes  varies  continually  with  the  condi- 
tion of  the  production  of  crude  petroleum.  During  the  time  of  flush  production, 
such  as  has  existed  in  the  Oklahoma  fields  during  the  past  year,  due  to  the  extra- 
ordinary production  in  the  Cushing  field,  a  great  deal  of  crude  petroleum  is  sold  as 
fuel  oil  on  account  of  the  necessity  of  disposing  of  it  when  no  better  market  is  avail- 
able. The  use  of  such  oil  is  not  advisable  for  fuel  purposes,  not  only  because  it 
contains  valuable  gasolene  and  kerosene,  but  these  contents  so  lower  the  flashing 
point  of  the  fuel  oil  as  to  make  it  open  to  the  objections  to  gasolene  stored  in  a 
a  confined  space,  as  on  a  battleship,  where  the  vapor  is  liable  to  produce  explosions 
on  contact  with  air. 

"Until  the  last  twelve  month,  much  of  the  production  of  California  crude  oil 
was  sold  for  fuel  purposes,  practically  as  it  came  from  the  well.  Within  the  last 
year,  however,  the  practice  of  topping  off  the  valuable  gasolene  and  kerosene  in  a 
comparatively  small  proportion  of  California  oils  has  so  increased  that  not  more  than 
25%  of  the  fuel  oil  of  California  is  now  crude  oil.  In  states  other  than  California 
and  Oklahoma,  and  to  a  slight  extent  Texas,  fuel  oils  consist  chiefly  of  the  least 
valuable  distillates  and  some  residium.  The  distillates  of  such  low  value  as  to  be 
sold  for  fuel  oil  are  usually  the  products  distilling  off  after  kerosene,  and  those 
too  heavy  for  burning  in  lamps  and  also  too  thin  to  be  used  as  lubricating  oils. 
Such  oils  generally  have  the  name  of  gas  oils,  and  are  more  valuable  for  use  as  gas 
oils  than  for  fuel  purposes,  but  the  market  for  gas  oils  is  easily  over-supplied,  and  the 
surplus  goes  for   fuel   oil. 

"The  annual  production  of  petroleum  in  the  United  States  is  about  *  266.000.000 
bbl.  in  round  numbers,  of  which  at  least  100,000,000  bbl.  is  consumed  as  fuel.  This 
proportion  will  hold  fairly  well  for  the  petroleum  production  of  the  world,  that  is, 
about  2/5  of  the  world's  production  may  be  considered  'fuel  oil.'  In  regions  such  as 
the  East  Indies,  the  petroleum  is  to  a  large  extent  too  valuable  for  use  of  residium 
and  even  crude  oil  for  fuel  purposes  is  very  general,  and  exceeds  the  average  pro- 
portion." 

It  may  be  of  interest,  perhaps,  to  make  further  abstracts  from  Mr. 
Peabody's  paper  concerning  physical  properties  of  fuel  oil. 

The  best  value  of  fuel  oil  varies  between  about  16  000  and  20,000  B.  T.  U.  per 
lb.,    18,000  to   19,000  being  the   common  values. 

Heat  Value  Fuel  Oil. 

Specific  Gravity.  B.  T.  U.  per  lb. 
Source.                                                                                           av.  av. 

California,  6  fields    .958  18,270 

Texas,   3   fields    .921  19.024 

Pennsylvania,    1    field    .886        •  19,210 

Mexico,   2   fields    .951  18,196 

In  a  paper  published  in  the  Journal  of  the  American  Chemical  Society,  October, 
1908,  Sherman  and  Kropff  give  the  following  formula  for  oils  above    15°    Beaume: 

B.  T.  U.,  per  pound,  equals  18,650  plus  40  (Beaume — 10). 

*  The    1919  report  of   the   Geological   Survey  shows  a   production  of    376,000   bbl. 
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Viscosity. 

Viscosity  may  be  described  as  the  resistance  to  internal  movement,  or  the  internal 
friction   of   a   liquid. 

Flash    Point. 
The  "flash  point"   of  oil  is  the   temperature   at   which   inflammable   gas   or  vapor   is 
given   off.      It    is    determined   simply   by    heating   the    oil    and   as   the    temperature    rises 
testing    it  with   a   spark   or   flame    until   the  vapor    is    distilled    off   and    ignites   and    the 
flash    is   noticed. 

Density   of   Oil — Specific   Gravity. 

The  Beaume  hydrometer  scale  for  liquids  lighter  than  water  is  generally  used, 
10°    Beaume  being   equal   to   the   specific  gravity   of   water. 

The  United  States  Bureau  of  Standards  has  adopted  the  following  formula  for 
converting  readings  on  the  Beaume  scale,  lighter  than  water,  to  terms  of  specific 
gravity: 

Specific  gravity  at  60°  F.  equals  140/130  plus  B. 

Specific   Heat  of    Oil. 

The  specific  heat  of  oil  varies  with  its  composition.  It  will  be  greater  the  richer 
the  oil  is  in  hydrogen,   and  lower  in  proporton  to   a  greater  carbon  content. 

The  following  figures  are  reproduced  from  Holde's  work  on  "Examination  of 
Hydro-carbon    Oil": 

Crude  Oils  From—  S.  G.  S.  H. 

Japan     862  .453 

Pennsylvania     810  .500 

Russia      908  .435 

California     960  .398 

Bustenari      842  .462 

Coefficient  of  Expansion   of  Oil. 

It  may  be  considered  that  at  ordinary  temperatures  crude  petroleum  expands 
under  the  influence  of  heat  approximately  five  ten-thousandths  (0.0005)  of  its  volume 
for  each  degree  F.  (0.009)  per  degree  C.  This  coefficient  decreases  for  the  heavier 
oils,   being  a  fraction   of  the   specific   gravity. 

Subsequent  to  the  presentation  of  this  paper,  a  valuable  treatise  reporting  the 
investigations  of  the  Bureau  of  Mines  on  the  coefficient  of  expansion  of  California 
crude  oils  and  distillates  was  presented  at  the  first  annual  meeting  of  the  American 
Society,  at  San  Francisco,  by  Mr.  A.  S.  Crossfield.  The  conclusions  arrived  at  are 
as  follows: 

"1.  The  value  of  the  coefficient  new  used  in  California  practice  approxi- 
mates 0.0009  per  1°  C.  (0.0005)  per  1°  F.  From  the  results  of  this  investigation  it  is 
apparent  that  this  value  is  considerably  too  high,  and  that  the  correct  value  more 
nearly   approaches   0.00072   per    1°    C.    (0.004   per    1°    F.). 

"2.  The  value  of  the  coefficient  for  crude  oils  and  distillates  within  the  ranges  of 
temperatures  used,  is  a  straight  line  function  of  the  temperature  and  increases  with  an 
increase    in    temperature. 

"3.  The  value  of  the  coefficient  for  crude  oils,  within  the  ranges  of  specific 
gravity  used,  is  a  straight  line  function  of  the  specific  gravity.  The  value  for  dis- 
tillates deviates   somewhat   from   a   straight   line." 

Precautions   Against   Danger. 

The  time  is  long  past  when  the  use  of  iwel  oil  on  shipboard  is  opposed  on 
account  of  insurmountable  danger.  Oil  has  the  distinct  advantage  over  coal  that  it 
is  not  subject  to  spontaneous  combustion,  and  many  fires  that  have  occurred  in  ships' 
bunkers  at  sea  would   not  have  been   possible  with  oil. 

Certain  precautions,  however,  must  be  taken,  such  as  suitable  arrangements  of 
vent  pipes,  protection  of  bunker  bulkheads  if  exposed  to  heat,  and  particularly  the 
use  of  an  oil  with  a  reasonable  high  flash  point.  The  United  States  Navy,  in  coopera- 
tion with  the  Bureau  of  Mines,  has  investigated  the  matter  of  the  probable  explosion 
of  gases  in  storage  tanks,  and  it  was  found  that  no  inflammable  gases  were  formed 
in  any  amount  in  the  storage  tanks  or  bunkers  until  the  oil  was  heated  to  the 
flash,  i.  e.,  that  the  representative  oils  tested  contained  no  dissolved  gas  or  vapor 
sufficient  to  form  an  explosive  mixture  at  temperatures  below  the  flash  point.  The 
largest   percentage   of    vapor    in    the    atmosphere    of    fuel   oil    tanks   of   various    battle- 
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ships  tested  was  0.04%,  whereas  about  0.9%  is  required  to  form  an  explosive  mixture. 
It  was  also  found  that  any  oil  in  the  bunker  tank  had  to  be  heated  to  within  60°  F.  of 
the  flash  point  before  even  a  faint  "glow"  or  partial  burning  was  obtained  on  intro- 
ducing a  naked  flame  into  the  tank. 

A  possible  danger  evidently  exists  of  heating  heavy  oils  obove  the  flash 
point  when  heating  coils  are  introduced  into  the  tank  for  facilitating 
pumping,  unless  suitable  precautions  are  taken. 

Storage  Losses  Should  Be  Reduced. 

In  the  vicinity  of  the  source  of  the  oil,  the  usual  method  of  storage 
has  been  by  the  construction  of  large  reservoirs,  some  simply  excavated  in 
the  earth,  others  with  the  earth  excavation  concrete  lined,  without  roof, 
and  others  provided  with  light  roofs  to  retard  evaporation. 

In  this  method  of  storage,  particularly  with  unlined  and  roofless  reser- 
voirs, there  is  considerable  loss  of  oil,  and  the  extent  thereof  is  illustrated 
by  the  following  quotations  from  Bulletin  155,  Bureau  of  Mines,  on  "Oil 
Storage  Tanks  and  Reservoirs."  It  is  therefore  recommended  that  all  large 
storage  basins  or  reservoirs  at  the  source  of  supply,  as  well  as  the  outlet, 
be  concrete  lined  to  limit  seepage  and  concrete  roofed  for  permanency,  and 
to  reduce  evaporation  losses  to  a  minimum. 

Losses  in   Storage  by  Seepage. 

Oil  losses  by  seepage  from  steel  tanks  and  from  well-constructed  concrete  lined 
reservoirs  can  be  considered  practically  nil.  From  unlined  earthen  reservoirs,  how- 
ever, seepage  losses  may  be  very  large.  It  is  difficult  to  determine  just  what  these 
losses  are  for  the  reason  that  most  of  such  reservoirs,  as  previously  stated,  are  used 
as  emergency  containers,  the  oil  put  into  them  coming  unmeasured  from  flowing 
wells.  However,  there  is  a  record  of  a  500  000  bbl.  unlined  reservoir  in  the  Kerr 
River  field,  California,  that  had  to  be  abandoned  on  account  of  the  excessive  seepage 
losses.  Although  the  reservoir  was  in  use  only  a  short  time,  pits  dug  subsequently 
in  the  bottom  disclose  that  the  oil  had  already  penetrated  -for  a  depth  of  more  than 
20   ft. 

Losses  by   Evaporation. 

If  we  knew  definitely  the  volume  of  useful  hydro-carbon  products  that  vanish 
into  "thin  air"  from  the  wells,  the  transportation  systems,  the  storage  farms,  and  the 
refineries  of  the  United  States  in  a  single  year's  time,  we  might  well  be  staggered  by 
the  size  of  the  figures.  To  form  some  realization  of  the  gigantic  proportions,  one 
needs  only  to  stand  in  the  vicinity  of  a  flowing  well  newly  brought  in  and  witness 
the  volume  of  gases  rising  like  exaggerated  heat  waves  from  the  well  itself,  from  the 
flow-tanks  in  which  the  oil  is  collected,  from  the  sump  into  which  it  has  overflowed, 
and  from  every  surface  exposed  to  the  atmosphere.  The  greatest  unmeasured  loss, 
of  course,  takes  place  in  the  vicinity  of  the  well.  Nevertheless,  this  loss  continues  in 
a  large  measure,  especially  as  regards  light  oils,  through  the  gathering  systems, 
the  transportation  systems,  and  the  receiving  tanks  of  the  refineries,  and  even  from 
oil  of  low  gravity  there  is  a  continual  stream  of  the  light  hydro-carbons  escaping  from 
its  surface  so  long  as  it  remains  in  storage. 

These  quotations  are  given  for  the  purpose  of  impressing  the  reader 
with  the  economical  necessity  of  using  a  container  for  the  oil  that  will  limit 
to  the  greatest  extent  the  losses  from  both  seepage  and  evaporation,  especi- 
ally after  the  oil  has  been  marketed,  transported  for  hundreds  or  thousands 
of  miles,  and  thus  given  a  definite  commercial  value  far  in  excess  of  its 
value  in  original  storage. 
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Reduction  of  Fire  Hazard. 

Furthermore  in  built-up  sections,  and  particularly  in  cities,  there  is 
the  advisability  of  providing  a  container  which  will  be  the  least  hazard  to 
surrounding  buildings  from  the  viewpoint  of  the  fire  insurance  underwriters 
and  by  officials  of  commonwealths  or  municipalities. 

Concrete  Tanks  for  Fuel  Oil  Storage. 

Steel  tanks  have  generally  been  used  for  oil  storage  after  the  oil  has 
been  transported  from  the  oil  fields  by  the  producing  companies  as  they 
are  usually  built  above  ground,  without  the  necessity  of  complying  with 
underwriters'  rules  or  as  in  the  past  with  municipal  regulations. 

Tbere  is  no  question  but  that  a  steel  tank  whose  height  is  not  limited 
by  the  lift  of  an  oil  pump,  and  which  is  not  protected  by  dikes,  can  be  built 
cheaper  than  concrete  under  usual  conditions.  But  when  the  insurance 
underwriters  and  municipalities  safeguard  oil  storage  by  requiring  under- 
ground construction  near  buildings,  surround  steel  tanks  by  concrete  dikes 
if  above  ground,  where  rules  and  necessity  require  protection  of  steel  if 
underground,  and  where  a  gravity  flow  of  oil  is  prohibited,  thus  making 
a  further  requirement  that  they  shall  be  underground,  a  reversal  of  con- 
ditions results  to  the  advantage  of  reinforced  concrete. 

There  has  been  a  general  impression  that  concrete  is  not  proof  against 
seepage  of  oil  through  it,  and  especially  under  hydrostatic  pressure.  This 
impression  is  perhaps  to  a  great  degree  warranted  in  the  construction  of 
tanks  with  high  walls  where  the  concrete  work  has  not  been  continuous. 
But  for  tanks  to  hold  fuel  oil  where  the  flow  of  oil  by  gravity  is  prohibited, 
and  where  the  depth  of  the  tank  is  limited  to  15  ft.,  this  being  about  the 
maximum  height  heavy  fuel  oil  can  be  lifted  by  an  ordinary  oil  pump, 
reinforced  concrete  has  proved  a  satisfactory  and  dependable  material  if 
scientifically  handled. 

Deep  tanks  whose  walls  are  too  high  for  ordinary  continuous  deposit- 
ing of  concrete  require  special  study  and  consideration,  but  for  shallow 
tanks,  either  above  or  below  ground,  reinforced  concrete  has  advantages 
over  steel,  and  a  few  of  these  are  named  for  illustration. 

Concrete  tanks  well  designed  and  built  require  no  rust  protection  either 
when  built  above  or  below  ground  nor  maintenance  repairs  such  as  calking 
or  painting.  Underground  concrete  tanks  are  not  subject  to  electrolysis ; 
such  tanks  readily  resist  hydrostatic  pressure  -from  ground  water  as  well 
as  earth  pressures.  The  tanks  can  be  easily  adapted  to  any  unusual  shape 
required  by  a  particular  location.  The  low  conductivity  of  the  material 
insulates  the  oil  against  temperature  changes,  thus  retarding  evaporation 
in  summer  and  making  it  easier  to  handle  the  oil  in  winter  weather.  The 
materials  for  the  construction  of  reinforced-concrete  tanks  are  to  a  great 
extent  obtained  locally,  thus  eliminating  many  delays  arising  from  ship- 
ment of  the  materials  from  a  distance  and  enabling  quick  construction  of 
the  tank. 
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To  obtain  the  full  value  of  the  advantages  of .  reinforced  concrete  the 
completed  tank  must  hold  fuel  oil  without  leakage  or  material  seepage 
after  completion.  If  work  is  done  in  a  haphazard,  unscientific  manner  the 
results  are  generally  poor.  To  obtain  satisfactory  results,  reinforced-con- 
crete  tanks  must  be  designed  correctly,  with  due  regard  to  both  internal  and 
external  stresses  and  conditions,  by  competent  and  experienced  engineers, 
and  when  built  the  materials  of  construction  must  be  correctly  propor- 
tioned, mixed  and  placed  by  competent  contractors,  and  under  skilled 
inspection. 

When  these  necessities  have  been  provided  for,  reinforced-concrete 
tanks  will  contain  fuel  oil  of  a  density  up  to  35°  Beaume,  and  probably 
higher,  without  seepage. 

In  answer  to  a  letter  written  to  a  large  consumer  of  fuel  oil  in  refer- 
ence to  three  220,000  gal.  concrete  tanks  which  have  been  in  use  for  a  year, 
and  which  are  built  mostly  above  ground,  this  reply  was  received: 

Oils  of  both  the  parafine  and  asphaltic  bases  are  used,  depending  upon  the  con- 
tract, with  the  result  that  there  is  at  all  times  a  mixed  oil  in  the  tanks.  Tests  were 
made  during  the  months  of  May,  June,  July  and  August  of  this  year  on  the  pipe  line, 
with  the  result  that  the  degrees  Beaume  range  from  28°  minimum  to  33.5°  maximum 
at  60°  F.  The  average  was  close  to  30°  Beaume.  As  far  as  we  have  been  able  to 
determine  the  tanks  show  no  leakage,  and  are  perfectly  satisfactory  for  these  oils. 

The  oil  used  by  this  company  was  for  annealing  purposes  and  was  of 
a  higher  specific  gravity  than  the  oils  generally  used  under  boilers,  the 
specific  gravity  of  the  Mexican  oils  being  in  the  vicinity  of  12°  Beaume. 

It  may  seem,  perhaps,  as  if  an  unwarranted  departure  had  been  made 
from  the  subject  matter  of  this  report.  There  is,  however,  a  general  demand 
for  information  about  fuel  oils,  and  those  who  are  interested  in  fuel  oil 
containers  should  know,  in  a  general  way  at  least,  the  physical  character- 
istics of  the  oil. 

It  has  been  suggested  by  insurance  underwriters  that  fuel  oil  to  be, 
stored  in  concrete  tanks  be  limited  to  a  maximum  gravity  of  20°  Beaum6. 
But,  as  mixed  oils  up  to  35°  Baume,  of  varying  viscosities,  have  already 
been  stored  satisfactorily  in  concrete,  in  not  one  case  only  but  in  many, 
and  as  it  is  not  necessary  to  heat  the  lighter  oils  for  pumping,  thus  lower- 
ing the  viscosity,  it  is  recommended  that  the  limit  for  such  storage  be  35° 
Beaume,  until  subsequent  experience  warrants  a  change  of  this  limit. 

General  Construction  Requirements. 

Tanks  should  be  located  so  as  to  decrease  the  fire  hazard  to  a  minimum. 
The  design,  location  and  equipment  of  fuel  oil  tanks  .must  be  considered 
from  several  viewpoints:  that  of  the  owner,  the  insurance  underwriters,  the 
municipality  in  which  they  are  to  be  built,  the  oil-burner  and  equipment 
company  making  the  mechanical  installation,  and  of  the  engineer  having 
charge  of  the  design  of  the  complete  layout. 

The  owner  selects  a  site,  preferably  for  economic  use  of  grounds  for 
handling  of  the  fuel  oil.    If  tanks  are  to  be  buried,  He  determines  what  load 
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the  roof  shall  carry.  He  also  determines  the  capacity  of  the  tank  or  tanks 
to  insure  storage  of  sufficient  oil  for  consumption  over  a  specified  period 
of  time. 

The  insurance  underwriters  take  into  consideration  the  fire  hazard 
presented  by  each  individual  installation  and  advise  the  owner  as  to  the 
capacity  allowed  under  the  conditions  proposed,  also  as  to  the  acceptabil- 
ity to  them  of  the  proposed  pumping  and  piping  layout.  They  also  require 
certain  safety  appliances  which  perhaps  have  or  may  not  have  been 
embodied  in  the  plans  of  the  equipment  company. 

The  commonwealth  or  municipality  or  metropolitan  district  may  or 
may  not  have  regulations  governing  the  storage  of  fuel  oil.  If  there  are 
such  regulations,  the  approval  of  the  officials  in  charge  must  be  obtained, 
and  when  obtained  it  sometimes  becomes  necessary  to  obtain  building 
permits  from  the  proper  authorities. 

The  oil  burner  and  equipment  company  usually  designs  the  supply  and 
feed  piping,  the  pumps,  the  safety  appliances;  determines  their  location 
and  the  location  of  the  fittings  in  contact  with  the  tank,  installs  heating 
coils  for  raising  the  temperature  of  the  oil  for  pumping  where  required, 
and  in  general  does  all  of  the  detail  work  pertaining  to  the  mechanical 
installation  of  the  system. 

A  competent  experienced  designing  and  constructing  concrete  engineer, 
satisfactory  to  or  representing  the  owners,  should  be  responsible  for  the 
design  of  the  concrete  tank,  should  inspect  the  construction  of  it,  especially 
during  the  placing  of  the  concrete,  and  should  have  the  authority  to 
harmonize  the  different  interests. 

Concreting  in  tanks  should  be  limited  to  three  continuous  operations 
in  placing,  that  is,  (a)  the  floor  and  footings,  (b)  wall,  (c)  columns,  if 
any,   (d)  roof. 

The  capacity  limit  under  ordinary  conditions,  that  is,  for  the  con- 
tractor who  does  not  handle  large  work,  is  about  200,000  gal.  If  larger 
tanks  are  contemplated,  special  care  should  be  taken  to  provide  construc- 
tional facilities  to  carry  out  the  work  as  hereinafter  recommended.  An 
argument  in  favor  of  tanks  of  moderate  size  is  that  in  case  of  accident  or 
fire,  a  lesser  amount  of  oil  would  be  involved. 

Care  should  be  taken  in  the  design  to  provide  for  all  external  and 
internal  stresses,  namely,  hydrostatic  pressure  of  contents,  external  hydro- 
static pressure  from  ground  upon  the  floor  and  walls,  earth  pressure  on 
walls,  live  and  dead-load  on  roof. 

In  continuous  or  restrained  members,  positive  and  negative  bending 
moments  should  be  given  equal  consideration.  Temperature  reinforcement 
should  be  figured  and  placed  in  walls  and  floor  independent  of  other  rein- 
forcement. The  maximum  range  in  temperature  should  be  predetermined 
as  a  basis  for  calculation. 

While  the  hydrostatic  pressure  of  water  in  soils  is  about  50  per  cent 
of  the  full  hydrostatic  pressure,  it  is  recommended  that  not  less  than  62  % 
lb.  per  sq.  ft.  for  the  full  head  of  water  be  assumed  and  allow  the  difference 
as  a  factor  of  safety  for  unforeseen  conditions. 
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Steel  in  tension  whether  in  circumferential  tension  or  in  tension  due 
to  negative  bending  moments  on  the  face  of  rectangular  tank  walls  exposed 
to  the  oil  to  resist  oil  pressure  should  be  designed  for  a  safe  working  stress 
of  10,000  lb.  per  sq.  in.  for  all  work  above  ground,  and  12,000  lb.  per  sq.  in. 
for  underground  work.  In  other  cases  the  working  stress  in  the  steel  may 
be  taken  at  16,000  lb.  per  sq.  in.  In  circumferential  walls,  the  thickness  of 
the  concrete  should  be  based  upon  a  maximum  tensile  strength  in  the 
•concrete  of  150  lb.  per  sq.  in.,  but  a  minimum  thickness  of  8  in.  at  the  top 
and  10  in.  at  the  bottom  is  recommended  for  walls  to  give  space  for 
spading. 

Vent  pipes  are  to  be  placed  to  conform  with  underwriters  or  fire 
insurance  requirements  and  municipal  regulations.  At  least  two  man- 
holes should  be  provided  for  each  tank  20  ft.  in  diameter  and  over  and 
one  manhole  for  tanks  of  lesser  diameter.  The  multiplicity  of  manholes 
is  recommended  so  that  oil  vapors  or  gases  may  be  more  quickly  diffused 
when  the  tank  is  opened  up  prior  to  being  cleaned  out  and  other  work 
being  done  within. 

Fittings  for  pipe  connections  as  required  should  be  placed  where  shown 
on  the  plans  and  attachments  to  hold  heating  coils  also  placed  where 
indicated. 

As  previously  emphasized,  the  services  of  competent  engineers  and 
engineering  contractors  experienced  in  this  work  are  required  in  making 
the  design  and  specifications  and  in  superintending  the  construction  in 
order  to  carry  out  the  foregoing  recommendations. 

Attached  hereto  is  a  tentative  recommended  practice  for  the  construc- 
tion of  fuel  oil  storage  tanks  covering  the  selection  of  materials  the  pro- 
portioning, mixing  and  placing  of  the  concrete,  its  protection  during  hard- 
ening and  other  features  of  importance.  Such  a  recommended  practice 
is  intended  to  serve  as  a  guide  to  engineers  and  others  in  preparing 
specifications  governing  any  particular  piece  of  work. 
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TENTATIVE  RECOMMENDED  PRACTICE  FOR  THE  CONSTRUCTION 
OF  CONCRETE  FUEL  OIL  STORAGE  TANKS. 

Materials. 

Cement. — The  cement  should  meet  the  requirements  of  the  current 
standard  specifications  for  portland  cement  adopted  by  the  American 
Society  for  Testing  Materials  and  this  Institute  (Standard  No.  1).  It 
should  be  stored  in  a  weathertight  structure  with  the  floor  raised  not  less 
than  1  ft.  from  the  ground.  Cement  that  has  hardened  or  partially  set 
should  not  be  used. 

Aggregates. — Before  delivery  on  the  job,  the  contractor  should  submit 
to  the  engineer  a  50  16.  sample  of  each  of  the  aggregates  proposed  for  use. 
These  samples  should  be  tested  and  if  found  to  pass  the  requirements  of 
the  specifications,  similar  material  should  be  considered  as  acceptable  for 
the  work.  In  no  case  should  aggregates  containing  frost  or  lumps  of 
frozen  material  be  used. 

Fine  Aggregate. —  (a)  Fine  aggregate  should  consist  of  natural  sand 
or  screenings  from  hard,  tough  crushed  rock  or  pebbles  consisting  of  quartz 
grains  or  other  hard  material  clean  and  free  from  any  surface  film  or 
coating  and  graded  from  fine  to  coarse  particles  passing,  when  dry,  a  sieve 
having  four  meshes  per  linear  inch.  Fine  aggregate  should  not  contain 
injurious  vegetable  or  other  organic  matter  as  indicated  by  the  Colorimetric 
Test,  nor  more  than  7  per  cent  by  volume  of  clay  or  loam.  Field  tests 
may  be  made  by  the  engineer  on  fine  aggregate  as  delivered  at  any  time 
during  the  progress  of  the  work.  If  there  is  more  than  7  per  cent  of 
clay  or  loam  by  volume  in  one  hour's  settlement  after  shaking  in  an  excess 
of  water  the  material  represented  by  the  sample  should  be  rejected. 

(b)  Briefly,  the  Colorimetric  Test  may  be  applied  in  the  field  as 
follows:  Fill  a  12  oz.  graduated  prescription  bottle  to  the  4%  oz.  mark 
with  the  sand  to  be  tested.  Add  a  3  per  cent  solution  of  sodium  hydroxide 
until  the  volume  of  sand  and  solution,  after  shaking,  amounts  to  7  oz. 
Shake  thoroughly  and  let  stand  for  24  hours.  The  sample  should  then 
show  a  practically  colorless  solution  or  at  most  a  solution  not  darker 
than  straw  color. 

Coarse  Aggregate. — Coarse  aggregate  should  consist  of  clean,  hard, 
tough  crushed  rock  or  pebbles  graded  in  size,  free  from  vegetable  or  other 
organic  matter,  and  should  contain  no  soft,  flat  or  elongated  particles. 
The  size  of  the  coarse  aggregate  should  range  from  1  in.  down,  not  more 
than  5  per  cent  passing  a  screen  having  four  meshes  per  linear  inch  and 
no  intermediate  sizes  should  be  removed. 

Mixed  Aggregate. — Crusher-run  stone,  bank-run  gravel  or  mixtures  of 
fine  and  coarse  aggregates  prepared  before  delivery  on  the  work  should 
not  be  used  because  the  ratio  of  fine  to  coarse  material  varies  so  widely 
as  to  lead  to  concrete  mixtures  of  greatly  varying  proportions. 
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Water.— The  water  should  be  free  from  old,  acid  and  injurious 
amounts  of  vegetable  matter,  alkali  or  other  salts. 

Reinforcement. — The  reinforcing  metal  should  meet  the  requirements 
of  the  current  standard  specifications  for  billet  steel  reinforcement  of  the 
American  Society  for  Testing  Materials,  excepting  that  cold  twisted  square 
bars  should  not  be  employed  in  the  construction.  Reinforcing  should  be 
free  from  excessive  rust,  scale,  paint  or  coatings  of  any  character  which 
would  tend  to  reduce  or  destroy  the  bond. 

Proportions. 

Unit  of  Measure. — The  unit  of  measure  should  be  the  cubic  foot. 
Ninety-four  lb.  (one  sack  or  one-fourth  barrel)  of  cement  should  be 
assumed  as  one  cubic  foot. 

Proportions. — The  concrete  should  be  mixed  in  the  proportions  by 
volume  of  1  sack  of  portland  cement,  l1/^  cubic  feet  of  fine  aggregate  and 
three  cubic  feet  of  coarse  aggregate. 

Measuring. — The  method  of  measuring  the  materials  for  the  concrete, 
including  water,  should  be  one  which  will  insure  separate  and  uniform 
proportions  of  each  of  the  materials  at  all  times. 

Mixing. 

Machine  Mixing. —  (a)  All  concrete  should  be  mixed  by  machine 
(except  when  under  special  conditions  the  engineer  permits  otherwise^ 
in  a  batch  mixer  of  an  approved  type  equipped  with  suitable  charging 
hopper,  water  storage  and  a  water  measuring  device  which  can  be  locked. 

(b)  The  ingredients  of  the  concrete  should  be  mixed  to  the  required 
consistency  and  the  mixing  continued  not  less  than  one  and  one-half 
minutes  after  all  materials  are  in  the  mixer  and  before  any  part  of  the 
batch  is  discharged.  The  mixer  should  be  completely  emptied  before  receiv- 
ing materials  for  'the  succeeding  batch.  The  volume  of  the  mixed  material 
used  per  batch  should  not  exceed  the  manufacturer's  rated  capacity  of 
the  drum. 

(c)  The  mixing  plant  should  be  of  sufficient  capacity  and  power  to 
carry  out  each  prearranged  operation  without  danger  of  delay  during  the 
process. 

Consistency. — The  quantity  of  water  used  in  mixing  should  be  the 
least  that  will  produce  a  plastic  or  workable  mixture  which  can  be  worked 
into  the  forms  and  around  the  reinforcement.  Under  no  circumstances 
should  the  consistency  of  the  concrete  be  such  as  to  permit  a  separation  of 
the  coarse  aggregate  from  the  mortar  in  handling.  An  excess  of  water 
should  not  be  permitted  as  it  seriously  affects  the  strength  of  the  concrete 
and  any  batch  containing  such  an  excess  should  be  rejected. 

Retempering. — The  retempering  of  mortar  or  concrete  which  has  par- 
tially hardened,  that  is,  remixing  with  or  without  additional  materials  or 
water,  will  not  be  permitted. 
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Reinforcemen  t. 

Placing. — Reinforcing  steel  should  be  cleaned  of  all  mill  and  rust 
scales  before  being  placed  in  the  forms.  All  reinforcement  should  be  bent 
or  curved  true  to  templates,  placed  in  its  proper  position  as  required  by 
the  plans  and  securely  wired  or  fastened  in  place,  well  in  advance  of  the 
concreting.  Reinforcement  should  be  inspected  and  approved  by  the 
engineer  before  any  concrete  is  deposited. 

Splicing. — Wherever  it  is  necessary  to  splice  the  reinforcement,  no  lap- 
splice  should  be  less  than  forty  diameters.  No  two  laps  of  adjacent  rods 
should  be  directly  opposite  each  other  in  circular  walls. 

Depositing. 

General. —  (a)  Before  beginning  a  run  of  concrete  all  hardened  con- 
crete or  foreign  material  should  be  completely  removed  from  the  inner 
surfaces  of  all  conveying  equipments. 

(b)  Before  depositing  any  concrete,  all  debris  should  be  removed 
from  the  space  to  be  occupied  by  the  concrete,  all  steel  reinforcing  should 
be  secured  in  its  proper  location,  all  forms  should  be  thoroughly  wetted 
except  in  freezing  weather  unless  they  have  been  previously  oiled  and  all 
formwork  and  steel  reinforcing  should  be  inspected  and  approved  by  the 
engineer. 

Handling. — Concrete  should  be  handled  from  the  mixer  to  the  place  of 
final  deposit  as  rapidly  as  possible  and  by  methods  of  transporting  which 
would  prevent  the  separation  of  the  ingredients.  The  concrete  should  be 
deposited  directly  into  the  forms  as  nearly  as  possible  in  its  final  position 
so  as  to  avoid  rehandling.  The  piling  up  of  concrete  material  in  the  forms 
in  such  a  manner  as  to  permit  the  escape  of  mortar  from  the  coarser  aggre- 
gate should  not  be  permitted.  Under  no  circumstances  should  concrete 
that  has.  partially  set  be  deposited  in  the  work. 

Depositing. —  (a)  Where  continuous  placing  of  concrete  in  floor  and 
walls  is  impracticable,  the  operations  should  be  in  the  following  order: 

1.  The  concrete  of  footings  and  floor. 

2.  The  concrete  of  walls. 

3.  The  concrete  of  columns,  if  any. 

4.  The  concrete  of  the  roof. 

(b)  No  break  in  time  of  over  forty -five  minutes  should  occur  during 
any  one  operation  except  between  columns  and  supported  roof  slabs  where 
six  hours  should  elapse  to  permit  the  settlement  of  concrete  in  the  columns. 
In  placing  concrete  in  floors,  it  should  not  be  allowed  to  set  up  on  exposed 
vertical  faces  where  work  is  temporarily  discontinued.  Column  footings 
should  be  placed  monolithically  with  floor  and  the  floor  reinforcement  so 
designed  as  to  distribute  the  column  load  over  a  sufficient  area. 

(c)  In  walls  the  concrete  should  be  placed  in  layers  of  not  over  12 
in.   for  the  entire  wall   so   that   a  monolithic   structure  will  result.     The 
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concrete  should  be  thoroughly  worked  around  the  reinforcing  material  so 
as  to  completely  surround  and  embed  the  same. 

(d)  If  the  placing  of  concrete  is  unavoidably  interrupted  by  accident 
or  otherwise  the  previous  surface  should  be  roughened  and  washed  clean 
with  a  hose,  a  mixture  of  1 : 1  mortar  slushed  on  uniformly  before  further 
concreting  is  done  and  the  new  concrete  deposited  immediately  thereafter. 

(e)  When  deposited  in  the  forms,  concrete  should  be  thoroughly 
spaded  against  the  inner  and  outer  faces  of  the  forms  so  that  it  will  densely 
compact  and  force  out  the  trapped  air  and  work  back  the  coarser  particles 
from  the  face  of  the  forms.  More  and  better  work  can  be  accomplished  by 
using  light  wooden  sticks  one  by  two  inches,  planed  smooth  with  sheet 
steel  blade  at  lower  end  rather  than  with  heavy  spades.  Enough  laborers 
should  be  employed,  spading  continuously  to  obtain  satisfactory  results. 

Depositing  Concrete  During  Freezing  Weather. —  (a)  During 
freezing  weather,  the  stone,  sand  or  water  or  all  three  materials  should  he 
heated  so  that  the  concrete  mixture  will  have  a  temperature  of  at  least 
60°  F.  After  concrete  is  deposited,  precaution  should  be  taken  to  prevent 
freezing  for  at  least  forty-eight  hours.  Concreting  should  not  be  begun 
when  the  temperature  is  below  15°  F. 

(b)  The  tank  should  not  be  placed  in  service  until  after  the  engineer 
in  charge  of  the  work  is  assured  that  the  concrete  has  gained  sufficient 
strength  to  resist  all  involved  stresses. 

Finishing. 

The  floor  and  roof  should  be  brought  to  grade  with  a  straight  edge 
or  strikeboard,  finished  with  a  wood  float  and  troweled  to  a  smooth  surface 
as  soon  as  possible  after  the  concrete  is  deposited.  Voids  in  walls,  if  any, 
should  be  filled  with  a  1:1%  mortar  as  soon  as  the  forms  are  removed. 

Forms. 

Material. — The  forms  should  be  of  good  material,  planed  to  a  uniform 
thickness  and  width,  tongued  and  grooved  for  walls,  strongly  made  and 
located  or  held  in  place  by  exterior  bracing  or  on  the  outside  or  circular 
walls  by  circumferential  bands  so  that  no  distortion  allowing  displacement 
of  concrete  is  possible. 

Workmanship. — Joints  in  forms  should  be  tight  so  that  no  mortar 
will  escape.  If  forms  are  to  be  reused,  they  should  be  thoroughly  cleaned; 
a  slush  mixture  of  one-half  petrolatum  and  one-half  kerosene  makes  a 
good  mixture  for  oiling  forms.  The  use  of  bolts  or  wires  through  the 
concrete  should  be  prohibited. 

Removal. — The  forms  should  not  be  removed  until  the  concrete  has 
sufficiently  hardened  so  that  no  deflection  or  damage  will  result.  In  warm 
weather  column  and  wall  forms  should  remain  undisturbed  for  at  least 
forty-eight  hours,  and  roof  forms  at  least  seven  days.  In  cold  weather  no 
predetermined  rules  can  be  made. 
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Sliding  Forms. — Contractors  equipped  to  handle  the  work  with  sliding 
forms  may  be  permitted  to  do  so  provided  the  forms  are  left  at  one  level 
until  the  concrete  which  will  be  exposed  on  raising  them  has  hardened 
sufficiently  to  sustain  the  weight  of  the  concrete  above. 

Details  of  Construction. 

Joints. — Unless  the  roof  is  insulated  against  temperature  changes  by 
sufficient  earth  cover  or  the  reinforcing  in  walls  and  roof  is  designed  to 
take  care  of  temperature  stresses  likely  to  occur,  an  expansion  joint  should 
be  provided  between  the  tops  of  walls  and  the  bottom  of  roof  slabs  so  that 
any  expansion  of  the  roof  due  to  temperature  will  not  transmit  bending 
moment  into  the  walls. 

(b)  In  roof  slabs  where  temporary  stops  are  necessary  they  should 
be  made  on  the  plane  of  least  shear,  that  is,  at  the  middle  of  beams  or 
slabs. 

(c)  If  walls  and  floor  are  not  deposited  in  one  operation  an  approved 
joint  or  dam  should  be  provided  between  the  floor  and  walls.  It  can  be 
made  as  follows :  ( 1 )  Provide  a  recess  in  the  floor  to  engage  the  wall 
and  insert  a  galvanized  iron  strip  about  8  in.  wide  with  joints  soldered  and 
riveted  so  as  to  form  a  continuous  band  on  one  side  of  the  recess,  or 
(2)  place  a  10-in.  strip  of  deformed  sheet  metal  1  in.  back  from  the  inside 
form  and  engaging  both  floor  and  wall,  and  after  wall  form  is  removed 
the  1-in.  recess  is  to  be  plastered  with  a  1:1^2  mortar  to  make  a  6-in. 
covered  base. 

Treatment  of  Concrete  Surface. — As  some  owners  will  insist  on  a 
guarantee  of  oiltightness  for  a  term  of  years,  and  as  contractors  who 
figure  work  on  a  contract  basis  in  competition  will  not  usually  guarantee 
work  designed  by  others,  it  may  be  found  desirable  to  use  on  oilproof  skin 
coating  regardless  of  the  density  of  the  oil  to  be  stored,  applied  by  a 
reliable  contractor  who  guarantees  his  work. 

Backfilling. — Backfilling  should  not  be  done  around  the  walls  nor 
deposited  on  the  roof  until  in  the  opinion  of  the  engineer  in  charge  it  can 
be  safely  done. 

Venting  of  Tanks. —  (a)  An  independent,  permanently  open  galvan- 
ized iron  vent  terminating  outside  of  building  shall  be  provided  for  every 
tank. 

(b)  Vent  openings  should  be  screened  (30  by  30  nickel  mesh  or  its 
equivalent)  and  shall  be  of  sufficient  area  to  permit  proper  inflow  of  liquid 
during  the  filling  operation  and  in  no  case  less  than  2  in.  in  diameter.  Vent 
pipes  shall  be  provided  with  weatherproof  hoods,  and  terminate  12  ft. 
above  the  top  of  fill  pipe,  or,  if  tight  connection  is  made  in  filling  line, 
to  a  point  1  ft.  above  the  level  of  the  top  of  the  highest  reservoir  from 
which  the  tanks  may  be  filled  and  never  within  less  than  3  ft.  measured 
horizontally  and  vertically  from  any  window  or  other  building  opening. 

Tanks  of  500  gal.  capacity  or  less  may  be  provided  with  a  combination 
fill  and  vent  fitting  so  arranged  that  fill-pipe  cannot  be  opened  without 
opening  the  vent  pipe. 
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(c)  Where  a  battery  of  tanks  is  installed,  a  vent  pipe  may  connect 
to  a  main  header,  but  individual  vent  pipes  shall  be  screened  between  tame 
and  header.    The  header  outlet  shall  conform  to  the  foregoing  requirements. 

Filling  Pipe. — End  of  rilling  pipe  in  tank  shall  be  turned  up  so  as 
to  form  a  trap  or  seal,  and  when  installed  in  the  vicinity  of  any  door  or 
other  building,  opening  shall  be  as  remote  therefrom  as  possible  so  as  to 
prevent  liability  of  flow  of  oil  through  building  openings :  terminal  shall  be 
outside  of  building  in  a  tight,  incombustible  box  or  casting,  so  designed 
as  to  make  access  difficult  by  unauthorized  persons. 

Manhole. — Manhole  covers  shall  be  securely  fastened  in  order  to 
make  access  difficult  by  unauthorized  persons.  No  manhole  should  be  used 
for  filling  purposes. 

Test  Well  or  Gaging  Device. — A  test  well  or  gaging  device  may  be 
installed  provided  it  is  so  designed  as  to  prevent  the  escape  of  oil  or 
vapor  within  the  building  at  any  time.  The  top  of  the  well  should  be  sealed 
and,  where  located  outside  of  a  building,  kept  locked  when  not  in  use. 
Where  indicating  devices  are  used,  they  should  be  connected  to  substantial 
fittings  that  will  minimize  the  exposure  of  oil.  No  device  should  be  used 
the  breakage  of  which  will  allow  the  escape  of  oil. 

Pipefittings.— If  pipes  pass  through  the  walls  they  shoiild  be  flanged 
sections  with  a  space  of  about  l1/^  in.  left  between  the  flange  and  the 
concrete  on  each  side  of  the  wall :  this  space  should  be  calked  later  with 
litharge  and  glycerine  or  other  approved  oilproof  material.  It  is  advisable 
also  to  have  a  ring  projecting  about  2  in.  around  the  pipe  sleeve  which 
engages  the  concrete. 

Care  of  Surface  Water. —  (a)  In  many  cases  it  becomes  necessary 
to  construct  reinforced-concrete  tanks  in  localities  near  tidewater,  rivers, 
streams  or  water  basins  where  water  pressure  may  be  derived  through 
porous  soils.  Care  should  be  taken  to  keep  this  water  pressure  from  fresh 
concrete  until  it  has  attained  sufficient  strength  to  fully  resist  the  assumed 
hydrostatic  pressure. 

(b)  One  or  more  sumps  should  be  provided  and  the  floor  should  be 
underdrained  so  that  water  will  flow  freely  to  the  sump.  Suitable  pump- 
ing facilities  should  be  provided  so  that  water  can  be  pumped  continuously. 
A  flange  pipe  projecting  just  above  the  floor  may  be.  built  into  the  concrete 
and  the  top  of  the  pipe  covered  with  a  cap  to  be  bolted  or  screwed  down 
when  pumping  is  no  longer  considered  necessary. 

(c)  It  is  becomes  necessary  to  sheetpile  or  shore  the  tanks,  the 
shores  should  be  so  designed  that  they  will  not  pass  through  the  walls 
and  thus  leave  openings  that  it  would  be  necessary  to  fill  later. 

Cleaning  Out  Tanks.  Warning. — It  is  dangerous  to  life  to  enter 
fuel  oil  tanks  soon  after  they  are  opened.  There  is  danger  of  suffocation 
from  oil  fumes  on  account  of  the  absence  of  sufficient  oxygen.  Therefore, 
it  should  be  required  that  all  manhole  covers  be  left  off,  to  admit  complete 
diffusion  before  workmen  enter,  and  to  accelerate  this  diffusion  the  use  of  a 
compressed  air  line  is  advised. 


PROGRESS  REPORT  OF  SPECIAL  COMMITTEE  ON  CONTRACTOR'S 
PLANT  FOR  REINFORCED-CONCRETE  CONSTRUCTION. 

The  work  to  be  covered  by  this  Committee  is  of  such  great  extent 
and  the  time  available  before  the  convention  of  this  year  so  limited,  that 
it  was  thought  advisable  to  report  to  the  Institute  what  progress  had 
been  made  on  this  work  with  a  suggestion  that  if  the  Board  of  Direction 
so  desire,  the  Committee  would  be  pleased  to  continue  their  work  during 
the  coming  year  and  submit  to  the  Institute  a  more  comprehensive  report 
and  recommendations  for  the  convention  of  1921. 

All  members  of  the  Committee  have  made  and  are  continuing  to  make 
careful  studies  from  an  analytical  standpoint  of  the  various  representative 
jobs  now  under  way  or  completed  in  order  to  procure  actual  information 
as  to  the  efficiency  of  the  various  layouts  of  plant  used  on  those  operations. 
These  stxidies  have  put  at  the  disposal  of  the  Committee  a  great  deal  of 
information  which  is  going  to  need  careful  consideration  if  the  proper 
interpretation  is  to  be  made  of  the  data  at  hand,  so  that  useful  recom- 
mendations may  be  made  in  regard  to  future  installations  of  plant. 

So  far  it  has  been  possible  to  arrange  in  m'ore  or  less  concise  form 
the  information  procured  from  one  piece  of  work,  namely,  the  new  build- 
ings being  constructed  at  the  present  time  for  the  United  States  Aluminum 
Company  at  Edgewater,  New  Jersey.  It  was  thought  that  the  analysis 
of  these  data,  although  not  complete,  would  be  of  interest  to  those  at  this 
year's  convention  and  therefore  the  study  of  that  job  from  the  standpoint 
of  plant  layout  is  included  in  this  .report.  At  the  present  time,  the 
members  of  the  Committee  are  making  an  investigation  of  at  least,  a  dozen 
other  typical  pieces  of  work  and  with  the  time  available  before  the 
convention  of  next  year  it  is  hoped  this  and  other  information  can  be  so 
tabulated  and  compared  that  definite  conclusions  may  be  arrived  at  as  to 
the  relative  economy  of  different  methods  of  operation. 

One  of  the  first  problems  of  importance  which  faces  the  superintendent 
of  construction  work  is  the  study  of  his  requirements  as  to  the  operating 
plant  and  the  arrangement  of  this  plant,  so  that  the  work  may  be  carried 
on  in  an  economical  manner,  both  as  to  cost  and  time.  This  is  true  of 
any  kind  .of  construction  work,  but  the  problem  is  a  more  difficult  one 
when  concrete  is  to  be  the  medium  of  construction,  because,  due  probably 
to  the  enormous  growth  of  the  concrete  industry  within  a  comparatively 
few  years,  we  find  that  there  is  far  less  of  a  standard  established  in  the 
design  and  arrangement  of  construction  equipment  for  concrete  work  than 
for  structural  steel,  brick  and  other  forms  of  construction  which  have 
been  in  vogue  for  a  longer  period  of  time. 

There  are  many  elements  which  must  be  given  careful  consideration 
if  a  wise  decision  is  to  be  made  in  regard  to  the  plant  layout  and  when  it 
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is  realized,  that  practically  all  of  the  unit  costs  made  on  a  job  are  affected 
by  the  success  of  the  plant  operation,  the  necessity  is  evident  for  a  careful 
study  by  a  person  of  mature  judgment  and  experience. 

The  principal  reasons,  of  course,  for  the  use  of  modern  equipment 
are,  first — the  conservation  of  labor  during  the  period  of  construction,  and, 
second — the  expedition  with  which  the  work  may  be  carried  on.  Here, 
then,  we  have  the  first  problem  of  determining  how  much  we  can  afford 
to  expend  on  plant  with  its  installation  and  operation  so  shadow  all  of 
the  savings  which  its  use  might  reasonably  be  expected  to  make  in  labor 
costs  during  the  operation  of  the  job.  A  study  of  the  plant  installation 
on  a  number  of  recent  construction  jobs  of  varying  magnitude  shows  such 
a  great  variation  in  this  relation  between  cost  of  plant  and  the  savings 
derived  therefrom  that  it  is  evident  that  engineers  and  contractors  have 
not  in  many  cases  given  this  matter  sufficient  consideration. 

At  the  present  time  a  suitable  plant  is  more  necessary  than  ever 
before  if  the  work  is  to  be  carried  on  successfully.  The  extremely  high 
rates  now  paid  to  labor  and  the  scarcity  of  men  make  labor-saving  devices 
of  far  greater  relative  value  than  heretofore,  and  mean  that  a  larger 
appropriation  for  machinery  and  its  installation  now  represents  a  good 
investment. 

Special  conditions  often  arise  which  greatly  affect  the  amount  of  plant 
decided  upon  with  good  judgment  for  a  special  piece  of  work.  When  the 
relation  of  the  labor  market  and  the  time  allowed  for  the  work  is  studied, 
it  may  be  found  that  the  shortage  of  labor  is  so  marked  that  practically 
every  possible  labor-saving  device  is  essential  in  order  to  conserve  the  efforts 
of  the  small  crew  available  so  that  the  work  may  be  completed  on  time. 

A  large  job  which  is  to  be  built  in  fast  time  often  presents  a  special 
problem  in  the  question  of  receiving  materials.  Large  quantities  of  sand, 
stone  and  cement  which  it  is  necessary  to  concentrate  at  the  various 
mixing  plants  would  often  cause  great  congestion  around  the  job,  and  it  is 
necessary  to  make  very  considerable  expenditures  for  plant  and  auxiliary 
structures  to  expedite  the  receiving  of  these  materials  so  that  the  progress 
of  the  work  may  not  be  impeded. 

In  considering  the  layout  of  plant  for  concrete  construction  work  it 
is  probably  wise  to  limit  our  study  to  typical  work,  because  if  we  were 
to  include  such  projects  as  large  dams,  bridges,  special  foundations  and 
extensive  tunnel  work,  we  would  find  the  majority  of  the  items  of  plant 
quite  similar  to  those  on  ordinary  work — probably  operating  in  a  different 
relation  to  each  other  due  to  conditions.  We  would  find,  however,  many 
special  means  of  transportation  such  as  cable-ways,  cranes  or  compressed 
air  for  carrying  concrete  and  other  materials,  and  the  result  of  such  an 
investigation  would  leave  us  with  a  decision  as  to  what  would  only  be 
suitable  for  some  single  piece  of  work,  and  not  with  definite  recommenda- 
tions as  to  what  represents  a  suitable  plant  layout  for  typical  construction 
work  in  concrete,  about  which  the  majority  of  our  members  are  interested. 
If.  therefore,  we  limit  our  investigation  to  the  wide  field  of  concrete  con- 
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struction  work  which  might  be  grouped  under  the  general  head  of  buildings 
which  would  be  intended  to  include  warehouses,  factories,  office  buildings, 
houses,  piers,  etc.,  we  would  have  information  which  should  be  of  specific 
value  for  this  great  field  of  work.  This  information  would  also  be  of 
considerable  use  in  the  study  of  plant  for  special  structures  in  concrete, 
for  it  would  be  easy  of  adaptation  to  their  specific  requirements. 

A  study  of  a  typical  piece  of  concrete  construction  work  shows  that 
there  are  a  considerable  number  of  divisions  of  the  work,  each  quite 
different  from  the  other.  The  use  of  suitable  plant  enters  into  each  of 
these  to  a  greater  or  less  degree,  and,  therefore,  in  order  to  make  a  more 
intelligent  study  of  the  plant  necessary  for  a  certain  piece  of  work,  it 
would  probably  be  well  to  separate  the  operation  into  its  principal  com- 
ponent parts.  In  this  way,  we  may  see  what  is  necessary  for  each  part 
or  what  combination  of  plant  will  probably  handle  the  whole. 

These  various  divisions  might  be  considered  as  follows :  Concrete, 
Reinforcing  Steel,  Lumber  and  Form  Work,  Brick,  Tile,  etc. 

The  machinery  which  is  necessary  for  handling  the  materials  entering 
into  concrete  from  the  time  they  are  brought  to  the  job  until  they  are 
placed  in  the  forms  as  mixed  concrete  represents  the  great  majority  of 
plant  necessary  in  concrete  construction  work,  and  will  be  considered  first 
in  the  order  in  which  the  various  operations  take  place  on  these  materials. 

(a)  Receiving  Materials. — The  materials  to  be  considered  under  this 
head  are  cement,  sand,  gravel,  stone  or  other  aggregate,  and  the  operation 
consists  of  unloading  these  materials  from  barges,  railroad  cars,  trucks 
or  other  means  of  conveyance  in  which  they  have  been  brought  to  the  site 
of  the  work,  and  the  transportation  of  these  materials  from  their  unloading 
points  to  the  mixing  plant. 

(b)  Mixing. — The  materials  here  considered  are  the  same  as  above, 
in  addition  to  water,  the  transportation  and  handling  of  which  is  such  a 
simple  task  that  no  special  plant  other  than  pipes  or  possibly  pumps  and 
storage  tanks  are  usually  necessary.  The  operation  on  these  materials 
consists  of  charging  the  same  in  proper  proportions  into  the  mixer  from 
the  point  where  they  have  been  deposited  by  the  receiving  department,  and 
the  mixing  of  the  same. 

(c)  Hoisting. — Here  we  have  to  handle  the  mixed  concrete,  and  this 
operation,  which  is  necessary  on  practically  every  piece  of  work,  might 
really  be  considered  as  the  first  part  of  the  operation  of  placing,  but 
inasmuch  as  there  are  so  many  different  systems  of  placing  concrete  and 
so  few  of  hoisting,  this  operation  would  better  be  considered  separately. 

(d)  Placing. — Here  we  find  as  many  different  systems  employed 
as  in  receiving  materials,  and  this  operation  needs  careful  study  so  that  a 
proper  decision  may  be  reached  as  to  what  methods  the  job  best  adapts 
itself  to. 

Practically  all  concrete  work  is  now  reinforced  with  steel,  and  in 
considering  the  economical  handling  of  steel  reinforcement  probably  more 
good  judgment  is  necessary  in  the  location  and  arrangement  of  the  unload- 
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ing  point,  storage  and  fabricating  yard  and  arrangements  for  hoisting 
than  in  the  selection  or  effort  to  use  too  much  equipment  in  connection 
with  this  work.     The  operations  on  reinforcing  steel  are  about  as  follows : 

Unloading:  Transportation  to  steel  yard  for  storage;  Bending  and 
fabricating;   Transportation  to  hoist;  Hoisting;   Distribution  on  work. 

Next  to  the  materials  entering  into  the  concrete  the  lumber  for  forms 
represents  the  bulkiest  item  which  is  to  be  received  and  handled.  Here, 
as  in  the  case  of  reinforcing  steel,  more  is  usually  accomplished  in  the 
way  of  economy  by  carefully  planning  the  relation  of  the  lumber  and  form- 
making  yard  to  the  place  where  the  forms  are  to  be  used  than  by  any 
attempt  to  use  a  great  amount  of  machinery  in  connection  with  this  work. 

The  items  of  brick,  tile,  etc.,  usually  enter  into  concrete  construction 
work  to  such  a  degree  that  some  additional  plant  is  generally  found 
economical  for  their  use. 

Selection  of  Plant  for  Handling  Concrete. 

Each  job  needs  individual  study,  and  it  is  useless  to  expect  that 
definite  recommendations  can  be  made  as  to  plant  layout  that  would  be 
equally  useful  on  two  different  pieces  of  work  without  adaptation  to  the 
exact  conditions  of  each. 

It  is  possible,  however,  by  a  careful  study  of  the  work  that  has  been 
done  for  the  determination  of  the  most  successfully  operating  plants,  to 
make  definite  recommendations  as  to  how  the  problem  should  be  approached 
so  that  the  procedure  may  be  uniform  for  all  work. 

In  a  general  way,  an  increase  in  the  outlay  for  plant  and  its  installa- 
tion causes  a  decrease  in  the  daily  operating  cost  of  the  work,  and  the 
problem  before  us  is  to  find  the  economical  relation  between  the  money 
invested  in  plant  installation  and  the  amount  saved  thereby. 

In  comparing  the  usual  layouts  which  seem  practical  from  a  study 
of  the  work  to  be  done,  we  find  the  following  general  items  entering  into 
the  cost  of  the  work.  These  items,  when  distributed  over  the  amount  of 
work  to  be  done,  give  us  the  unit  cost  of  the  same: 

1.  Cost  of  plant  chargeable  to  job   (material  only). 

2.  Cost  of  installing  and  taking  down   (labor  only). 

3.  Cost  of  maintenance   (labor  and  material). 

4.  Cost  of  operation   (labor  and  material). 

Item  1  represents  the  difference  between  the  purchase  price  of  the 
machinery  and  materials  and  the  salvage  value  of  the  same  at  the  end  of 
the  job. 

Item  2  is  the  labor  cost  of  installing  and  taking  down  the  plant  and 
auxiliary  structures. 

Item  S  is  the  value  of  labor  and  materials  used  to  maintain  the  plant. 

Item  Jf  would  be  the  labor  and  material  costs  of  operating  the  plant, 
including  the  cost  of  labor  actually  employed  in  receiving  materials  and 
placing  concrete  as  well  as  that  used  in  operating  the  plant. 
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The  combination  of  these  four  general  items,  which  gives  a  minimum 
total,  represents  what  will  probably  turn  out  to  be  the  most  suitable 
layout  for  the  job  in  question,  unless  special  conditions  have  to  be  given 
undue  consideration. 

In  order  to  arrive  at  a  correct  cost  for  these  four  items,  careful 
estimates  must  be  made.  An  intimate  knowledge  of  the  machinery  and 
equipment  at  our  disposal,  and  its  performance  or  production,  is  essential, 
as  otherwise  the  estimate  of  the  cost  of  maintenance  and  operation  will 
be  at  fault. 

In  order  to  see  how  this  method  of  analysis  works  out  in  a  definite 
case,  we  will  use  for  an  example  the  plant  layout  for  the  buildings  now 
being  constructed  for  the  United  States  Aluminum  Company  at  Edgewater, 
New  Jersey. 

The  study  of  plant  for  this  work  presented  the  problems  usually  met 
on  a  job  of  this  size,  and,  in  addition,  because  of  its  location  and  the 
arrangement  of  the  work,  several  unusual  features  had  to  be  given  consider- 
ation before  final  decision  was  reached  as  to  what  seemed  to  represent  the 
best  plant  layout  for  these  buildings. 

The  accompanying  sketch  shows  "in  a  general  way  the  location  and 
extent  of  the  work  to  be  done.  Buildings  1  and  2  represent  seven  additional 
stories  on  top  of  three-story  concrete  buildings  previously  built  by  the 
owners,  making  these  buildings  when  complete  ten  stories  in  height. 
Buildings  4,  6  and  8  are  nine  stories  in  height,  the  first  story  being- 
omitted  due  to  the  sharp  rise  in  the  ground  towards  the  foot  of  the 
Palisades  to  the  west.  This  brings  all  of  these  buildings  to  a  uniform 
roof  level.  Building  No.  5  is  a  two-story  and  mezzanine,  connecting 
building  No.  6  with  the  building  now  in  place  to  the  south. 

All  told,  there  was  slightly  more  than  thirty  thousand  yards  of 
concrete  to  be  placed  in  these  buildings,  and  at  the  time  that  the  plant 
for  receiving,  mixing  and  placing  the  concrete  materials  was  considered 
it  seemed  safe  to  assume  that,  due  to  conditions  of  the  sand,  and  gravel 
market,  it  would  be  necessary  to  receive  sand  and  gravel  or  stone  separately, 
making  rdughtly  45,000  yards  of  coarse  and  fine  aggregate  to  be  received 
and  transported  to  the  mixing  plants.  It  was  afterwards  found  possible 
to  supply  this  work  with  a  suitable  mixture  of  sand  and  gravel,  which 
materially  reduced  the  extent  of  the  receiving  and  handling,  but  did  not 
change  except  in  detail  the  arrangements  which  had  already  been  made 
in  regard  to  plant  layout. 

There  was  also  to  be  considered  in  connection  with  the  plant  for 
receiving  materials  an  item  of  about  50,000  barrels  of  cement,  but  when 
it  was  found  that  cement  delivered  by  lighter  cost  about  10  cents  a  barrel 
more  than  by  railroad,  it  was  agreed  that  the  work  of  receiving  cement 
must  be  considered  separately  from  the  sand  and  gravel  which  was  to  be 
transported  from  Long  Island  Sound  by  scows. 

When  the  extent  and  arrangement  of  the  work  to  be  done  was  con- 
sidered,   it  was  tentatively   decided  that   two   one-yard   mixers   would   be 
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useu,  ana  me  location  of  these  two  mixing  plants  was  in  general  agreed 
upon  from  the  basis  principally  of  convenience  and  minimum  travel  for 
mixed  concrete.  With  this  much  decided  upon,  a  careful  study  was  made  of 
the  problem  of  getting  the  sand  and  gravel  from  the  scows  to  the  mixers  for 
the  least  cost.  Receiving  materials  for  concrete  on  this  job  presented  a 
special  problem,  and,  therefore,  in  the  analysis  which  follows,  will  be 
considered  separately. 

It  seemed  logical  to  use  the  Owners'  pier  as  a  place  for  unloading 
the  scows,  as  no  useful  public  dock  was  available  within  a  convenient 
distance  of  the  job.  This  dock  had  been  previously  constructed  in  light 
manner  by  the  owners  for  their  use  in  receiving  materials  and  supplies 
from  boats. 

An  inspection  of  the  plan  shows  that  the  buildings  are  separated  from 
the  Hudson  River  by  River  Road,  the'  main  north  and  south  highway 
subjected  to  very  heavy  traffic,  and  by  some  freight  tracks  of  the  New 
York,  Susquehanna  &  Western  Railroad.  The  relative  levels  of  the  railroad 
tracks  and  River  Road  made  a  roadway  out  onto  the  pier  impossible,  even 
without  considering  the  objection  of  the  railroad  officials  to  a  grade 
crossing. 

Therefore,  the  various  alternates  which  seemed  in  any  way  reasonable 
were  about  as  follows : 

A — Unload  scows  at  nearest  public  dock  available  by  motor  truck  and 
transport  material  directly  to  mixing  plants  by  truck,  and  then  elevate 
the  materials  by  bucket  conveyor  or  derrick,  drag  line,  etc. " 

B — Unload  scows  at  Owners'  pier  into  motor  trucks  and  bring  the 
loaded  trucks  to  the  mixing  plants  over  an  elevated  structure  giving 
sufficient  head-room  clearance  at  railroad  tracks  and  River  Road,  and 
elevating  the  materials  at  mixing  plants  as  before. 

C — Unload  scows  at  Owners'  dock  directly  into  a  hopper  over  a  belt 
conveyor  run  at  a  proper  elevation  to  give  required  clearance  at  railroad 
and  River  Road,  and  also  land  the  materials  in  an  elevated  position  at 
the  mixing  plants. 

A  careful  study  of  any  other  possible  schemes  convinced  us  that  the 
choice  would  lie  amongst  one  of  these  three,  and  it  was  then  for  us  to 
determine  which  was  the  most  economical  for  the  service  rendered. 

The  costs  involved  in  alternate  "A"  per  yard,  based  on  handling  30,000 
yards,  was  as  follows : 

1.  Dock  charges    $0.02 

2.  Unloading 30 

3.  Transporting    60 

4.  Elevating 12 

5.  Plant  cost 30 

6.  Maintenance    05 

$1.39  X  30,000  =  $41,700 
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Item  1  is  the  actual  charge  made  by  the  owners  of  the  dock  for 
the  privilege  of  using  their  property. 

Item  2  is  the  best  bid  received  from  various  stevedores  for  unloading 
materials  into  motor  trucks,  and  includes  the  furnishing  of  all  necessary 
equipment,  and  therefore  there  is  no  charge  from  this  work  entering  into 
plant  cost. 

Item  3  is  the  best  bid  received  from  various  stevedores  and  trucking 
companies  for  transporting  the  materials  from  the  dock  and  dumping  the 
same  at  the  mixing  plants.  This  figure  includes  the  furnishing  of  all 
necessary  equipment  and  operating  force,  and  so  no  charge  for  this  work 
enters  into  the  plant  account. 

Item  4  is  the  operating  cost  of  elevating  the  materials  at  the  mixers, 
such  as  power,  maintenance  of  plant,  and  labor,  but  does  not  include  the 
material  and  labor  cost  of  installing  bucket  elevators,  which  charge  appears 
under  Item  5. 

Item  5  represents  the  cost  of  all  material  and  labor  entering  into  the 
installation  of  elevator,  bins,  roadway  from  Russell  Avenue  to  Plant  No.  1, 
etc.,  less  value  of  materials  that  can  be  salvaged  at  end  of  job. 

Item  6  represents  the  cost  of  labor  and  material  entering  into  the 
maintenance  of  all  plant  as  described  under  Item  5. 

An  analysis  of  "B"  gave  the  following  results: 

1.  Dock  maintenance $0.01 

2.  Unloading .30 

3.  Transporting    50 

4.  Elevating .     .09 

5.  Plant  cost , 60 

6.  Maintenance 05 

$1.55  or  $46,500 

Item  1  covers  the  cost  of  maintenance  of  the  Owners'  dock  so  that 
same  may  be  left  at  the  completion  of  the  work  in  practically  the  same 
condition  in  which  it  was  turned  over  to  us. 

Item  2  is  the  same  as  Item  2  of  alternate  "A."  Considerable  saving 
could  probably  have  been  made  in  this  item  by  installation  of  our  own 
derrick,  as  was  finally  done  as  described  in  Item  2,  alternate  "C,"  which 
increased  the  plant  cost  but  reduced  the  unloading  cost  by  half. 

Item  3  covers  the  same  work  as  Item  3  in  alternate  "A,"  but  is  less 
because  of  the  considerably  shorter  haul. 

Item  Jf  covers  the  same  work  as  Item  4,  alternate  "A,"  although  the 
plant  is  somewhat  different.  A  bucket  elevator  and  bin  would  be  used  at 
Plant  No.  2,  whereas  at  Plant  No.  1  the  trucks  would  be  dumped  from 
the  trestle  over  a  tunnel  wherein  tip  cars  would  be  loaded  by  gravity 
and  hauled  to  mixers,  the  cost  of  installation  and  operation  being  about 
the  same  as  for  a  bucket  conveyor,  but  the  plant  cost  is  materially 
decreased  because  the  cost  of  the  tunnel  is  considerably  less  than  the  bin 
which  is  necessary  at  Plant  No.  1  under  alternate  "A." 
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Item  5.  This  item  runs  very  high,  due  to  the  excessive  cost  of  labor 
and  materials  entering  into  the  construction  of  the  trestle,  the  other  items 
being  less  than  under  alternate  "A." 

Item  6  covers  same  work  as  Item  6,  alternate  "A." 

The  estimated  costs  involved  under  alternate  "C"  are  given  below. 
This  is  the  alternate  that  was  adopted,  and  the  actual  costs  have  checked 
up  fairly  well  with  the  estimate. 

1.  Dock  maintenance  $0.01 

2.  Unloading    17 

3.  Transporting 20 

4.  Elevating 09 

5.  Plant 48 

6.  Maintenance    07 

$1.02  or  $30,600 

The  belt  conveyor  had  a  number  of  advantages  which  were  not  con- 
sidered when  its  selection  was  made  simply  on  the  basis  of  cost.  Its  opera- 
tion has  been  so  satisfactory  that  we  would  probably  be  influenced  in  its 
favor  on  future  installations  when  it  only  showed  an  equality  in  cost  with 
other  means  of  handling  materials.  Its  ability  to  operate  in  any  kind 
of  weather,  its  mechanical  simplicity  with  resulting  small  maintenance 
charges,  and  its  relatively  large  salvage  value  at  the  end  of  the  work 
are  some  of  its  best  points. 

The  layout  of  the  conveyor  as  finally  made  does  not  present  any 
unusual  features  except  that  due  to  its  size  and  the  consequent  amount  of 
power  taken  to  drive  it.  Some  thought  was  necessary  in  the  design  of 
the  driving  mechanism. 

At  the  dock  end  of  the  conveyor  a  hopper  of  about  18  yards'  capacity 
was  constructed  and  the  sand  and  gravel  was  deposited  directly  into 
this  hopper  by  the  clam-shell  bucket  which  unloads  the  scows.  The  mixture 
of  sand  and  gravel  is  distributed  evenly  on  the  belt  from  this  hopper 
through  an  ordinary  stone  gate.  This  belt  is  of  rubber  24  in.  wide  of 
six-ply  construction  and  is  installed  in  two  parts — the  first  part  running 
from  the  hopper  at  the  dock  to  the  drive  tower  just  west  of  River  Road, 
a  distance  of  about  680  ft.;  the  second  part  runs  from  this  drive  tower  to 
the  storage  pile  at  mixer  No.  2,  a  distance  of  about  250  ft. — all  told,  about 
2,000  ft.  of  belt  is  used.  Both  of  the  belts  are  driven  at  a  speed  of  about 
350  ft.  per  minute  by  a  50  H.  P.  electric  motor  in  the  drive  tower.  About 
35  H.  P.  is  used  by  the  long  belt  and  15  H.  P.  for  the  short  belt.  From 
this  arrangement  it  will  be  seen  that  the  long  belt  drives  from  the  head 
and  a  short  belt  from  the  tail.  In  order  to  avoid  the  bother  of  constant 
tightening  of  the  long  belt,  a  compound  drive  is  used  so  that  a  belt  pull 
of  over  3,000  pounds  might  be  imparted  to  the  belt  and  yet  let  its  return 
side  run  in  an  entirely  slack  condition.  To  accomplish  this,  two  24-in. 
pulleys  were  geared  together  and  so  located  that  the  belt  had  about  2,300 
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square  inches  of  contact  on  these  pulleys,  which  were  faced  with  rubber 
belting  to  increase  their  resistance  to  slip.  The  short  belt  was  driven  by 
a  live  tail  pulley  and  the  head  pulley  was  arranged  with  the  usual  takeup 
for  slack. 

It  was  found  necessary  to  change  the  alignment  of  the  short  belt  by 
about  6%  degrees  so  that  it  would  follow  the  direction  of  Russell  Avenue. 
This  was  accomplished  by  the  insertion  of  a  special  set  of  bevelled  gears 
in  the  driving  mechanism. 

The  general  arrangement  of  the  installation  of  the  conveyor  is  shown 
on  the  accompanying  sketches.  The  usual  trippers  were  not  used  in 
removing  the  sand  and  gravel  from  the  belt  for  mixer  No.  1 ;  instead 
adjustable  plows  were  installed  so  that  the  materials  might  be  scraped 
from  the  belt  at  any  point  along  the  storage  pile,  and  while  this  method 
of  removal  probably  consumes  more  power  than  the  standard  tripper,  it 
represents  a  considerable  economy  in  installation  and  has  operated  in  a 
very  successful  manner. 

In  order  to  transport  the  sand  and  gravel  from  the  main  belt  to 
mixing  plant  No.  1,  an  auxiliary  belt  was  first  considered,  but  when  the  cost 
of  installation  was  estimated  it  was  found  considerably  cheaper  to  use 
the  two  tip  cars  on  an  endless  cable  operated  by  double  drum  hoist.  With 
this  arrangement  no  storage  bin  was  necessary  over  the  mixer.  These  cars 
are  loaded  by  gravity  in  small  tunnels  running  under  the  storage  pile  as 
shown,  and  are  then  hauled  to  the  mixer  and  dumped  directly  into  the 
hopper,  the  gauging  of  materials  being  done  by  the  gate  man  who  loads 
the  cars.  The  arrangement  is  such  that  one  car  is  at  the  mixer  while 
the  other  is  being  loaded  in  the  tunnel. 

The  cement  for  mixer  No.  1  is  unloaded  from  the  cars  on  the  Owners' 
siding  alongside  of  building  No.  1  directly  into  hand  trucks,  and  placed 
in  cement  storage  house.  It  is  brought  up  to  the  mixer  platform  as 
needed  by  an  8-in.  belt  conveyor  driven  by  a  10  H.  P.  motor.  The  cement 
for  mixer  No.  2  is  unloaded  from  cars  on  the  same  siding  and  trucked 
directly  to  the  mixer  platform,  where  a  small  storage  is  maintained. 

The  arrangement  of  the  No.  1  mixing  and  hoisting  plant  is  more  or 
less  typical  of  the  layout  adopted  by  this  company  for  a  number  of  years. 
A  75  H.  P.  electric  motor  is  used  to  drive  both  the  mixer  and  the  hoist. 
A  heavy  single  drum  hoist  is  connected  by  belt  to  this  motor  and  an 
extra  pulley  on  the  drum  countershaft  in  turn  drives  the  mixer.  The 
concrete  bucket  is  hoisted  on  a  double  whip  at  a  speed  of  about  250  feet 
per  minute.  It  is  estimated  that  about  45  H.  P.  is  consumed  by  the 
hoist,  while  the  mixer  uses  about  20  H.  P. 

The  hoist  is  placed  as  close  as  possible  to  the  hoist  tower  so  that 
the  hoisting  engineer  may  have  a  clear  view  of  operations.  In  order  to 
make  possible  the  extremely  short  cable  lead  from  the  drum  to  the  tower 
a  22-in.  sheave  sliding  on  a  2  15/16-in.  shaft  is  used  instead  of  a  snatch 
block  at  the  base  of  the  tower. 

A  No.  4  Ransome  mixer  with  one  yard  capacity  is  used  at  this  plant. 
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It  is  equipped  with  charging  hopper  into  which  the  tip  cars  discharge 
and  into  which  the  cement  is  dumped  by  hand  from  the  bags  delivered 
by  conveyor  to  the  mixer  platform.  The  water  is  drawn  from  a  gauging 
tank. 

When  the  decision  in  regard  to  hoisting  and  placing  of  concrete  was 
made  the  usual  alternate  schemes  were  considered  and  it  was  finally 
agreed  to  build  a  wood  tower  of  proper  size  to  take  a  one-yard  Lakewood 
bucket  which  was  to  dump  into  a  hopper  at  each  floor  level.  From  these 
hoppers,  each  of  which  is  equipped  with  two  concrete  gates,  the  concrete 
is  distributed  by  two-wheeled  carts  of  6  cubic  feet  capacity. 

The  decision  to  place  concrete  by  means  of  carts  was  influenced  by 
several  factors.  The  shape  of  the  building  was  such  that  all  parts  of  it 
could  not  be  covered  with  a  spouting  equipment  without  undue  cost  for 
installation,  and  our  inability  to  procure  such  equipment  in  the  time 
allotted  also  affected  the  decision  made. 

The  estimated  unit  costs  of  the  four  general  items  already  described 
were  as  follows  for  Plant  No.  1,  which  was  expected  to  handle  about 
12,000  yards  of  concrete:  t 

1.  Cost  of  plant  chargeable  to  job $0.40  per  yard 

2.  Cost  of  installing  and  taking  down 52 

3.  Cost  of  maintenance 08 

4.  Cost  of  operation 1.48 

5.  Total  cost  of  mixing,  hoisting  and  placing.    2.48 

6.  Cost  of  receiving  sand  and  gravel 1.02 

7.  Cost  of  receiving  cement 12 

Total  of  all  costs  chargeable  to  concrete .  .  .  $3.62      "       " 

While  this  plant  has  operated  very  successfully  from  a  mechanical 
standpoint,  yet  the  excessively  high  labor  rates  and  the  inefficiency  some- 
what higher  than  was  anticipated.  Plant  No.  1  was  completed  and  put 
into  operation  before  Plant  No.  2  was  erected,  and  a  further  study  of 
the  situation  as  regarded  the  scarcity  and  cost  of  labor,  taken  together 
with  the  greater  yardage  to  be  handled  by  No.  2,  showed  that  it  would 
be  wise  to  make  a  larger  expenditure  for  this  plant  in  an  effort  to  cut 
down  the  number  of  men  necessary  for  operation  and  to  decrease  the 
cost  of  lumber  and  labor  in  installation. 

This  plant  as  finally  constructed  followed  about  the  same  arrange- 
ment of  motor,  mixer,  and  hoist  as  No.  1.  No  tip  cars,  however,  are 
necessary,  as  the  sand  and  gravel  is  deposited  directly  by  the  belt  to  a 
storage  pile  back  of  the  mixer,  from  which  it  is  drawn  by  gravity  into 
the  hopper.  It  was  decided  also  to  use  an  Insley  steel  tower  and  bucket 
and  the  counterweight  boom  and  chuting  equipment  for  placing  concrete. 
This  plant  has  not  been  in  operation  for  a  long  time,  but  the  indications 
already"  are  that  there  is  a  considerable  saving  in  the  cost  of  placing 
concrete  and  the  erection  cost  of  steel  tower  was  considerably  less  than 
the  making  and  erecting  the  wood  tower. 
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The  estimated  unit  costs  of  the  same  four  general  items  for  Plant 
No.  2,  which  is  expected  to  handle  about  18,000  yards  of  concrete,  are  as 
follows : 

1.  Cost  of  plant  chargeable  to  job $0.38  per  yard 

2.  Cost  of  installing  and  taking  down 47 

3.  Cost   of  maintenance 08  "       " 

4.  Cost  of  operation 1.30  "       " 

5.  Cost  of  mixing,  hoisting  and  placing 2.23  "       " 

6.  Cost  of  receiving  sand  and  gravel 1.02  " 

7.  Cost  of  receiving  cement 15 

Total  of  all  costs  chargeable  to  concrete  .\  .  $3.40      "       " 

From  this  it  will  be  seen  that  the  estimated  average  unit  cost  for 
the  job  of  receiving,  mixing,  hoisting  and  placing  of  all  materials  for 
concrete  amounts  to  about  $3.49  per  yard.  The  actual  costs  so  far  made 
on  the  work  indicate  that  some  saving  is  going  to  be  made  over  the 
estimated  costs. 

Plant  other  than  already  described  for  concrete  consists  of  two 
wooden  towers  suitable  for  use  as  wheelbarrow  elevators  for  hoisting  brick 
and  tile,  and  equipped  with  swing  booms  for  hoisting  reinforcement, 
lumber,  forms,  etc.  For  buildings  1  and  2  the  tower  is  near  the  concrete 
hoist  for  Plant  No.  1 ;  for  remaining  buildings,  tower  is  in  Russell 
Avenue  between  buildings  6  and  8. 

All  lumber  and  steel  is  received  by  rail  on  sidings  along  River  Road 
from  which  it  is  hauled  to  job  by  motor  truck  and  stored  in  a  joint 
lumber  and  steel  yard  immediately  west  of  Building  8.  Spiral  column 
reinforcement  is  stored  and  fabricated  on  Russell  Avenue  opposite  Building 
6.  As  the  buildings  are  of  flat  slat  type  of  construction,  this  constitutes 
practically  all  of  the  yard  work  on  reinforcement. 

The  lumber  yard  contains  wood  mill  with  usual  swing  and  rip  saws, 
boring  machine  and  emery  wheel  for  saw-gtinning.  Owing  to  congested 
condition  of  site,  forms  were  made  up  in  lumber  yard  and  hauled  to 
building  on  trucks. 

R.  C.  Wilson,  Chairman. 


REPORT  OF  THE  COMMITTEE  ON  CONCRETE  INDUSTRIAL 
HOUSES  * 

The  members  of  the  Committee  on  Concrete  Industrial  Houses  were 
so  engrossed  in  war  work  during  1918  that  it  was  found  undesirable  to 
present  a  report  to  the  June,  1919,  Convention  in  Atlantic  City.  As  no 
report  has  been  presented  since  June,  1918,  and  as  that  report  was  pre- 
pared prior  to  Feb.  1,  1918,  it  seems  desirable  that  references  be  made  to 
those  industrial  housing  projects  which  have  been  consummated  by  the  use 
of  concrete  during  1918,  in  order  that  there  may  be  a  record  of  these  in  the 
minutes  of  the  Institute.  Appended  to  this  respect  is  a  bibliography 
covering  not  only  the  developments  since  1917,  but  also  those  projects 
undertaken  earlier.  Additions  may  be  made  from  time  to  time  so  that 
the  minutes  of  the  Institute  will  contain  the  history  of  concrete  house 
development.     (See  Appendix  1.) 

Prior  to  1918  experience  in  constructing  concrete  houses  had  demon- 
strated five  general  facts  which  have  been  substantiated  during  the  past 
two  years.  First:  the  actual  quantity  of  concrete  per  house  is  so  small 
that  if  the  cost  of  placing  in  monolithic  construction  is  to  be  kept  between 
reasonable  limits,  small  equipment,  light  and  easily  moved,  must  be 
utilized.  Second:  where  a  number  of  houses  are  to  be  built  in  close 
proximity  so  that  the  cost  of  transferring  forms  and  other  plant  from  one 
house  to  another,  and  the  rental  cost  of  forms  per  house  is  low,  monolithic 
concrete  systems  using  elaborate  steel  or  wood  forms  are  economical. 
Third:  the  use  of  small  wall  forms  or  wall  machines,  placing  small  amounts 
of  concrete  at  one  time  makes  possible  the  economical  construction  of 
monolithic  concrete  houses  in  large  or  small  groups  or  scattered  lots. 
Fourth :  the  use  of  large  precast  units,  for  walls,  floors,  stairs,  etc.,  in 
inexpensive  houses  is  only  economical  when  buildings  can  be  standardized 
and  when  a  large  number  of  houses  are  to  be  built  in  one  location  and  in 
one  operation.  Fifth :  small  precast  units  whether  slabs  or  blocks  have 
the  advantages  of  factory  production  methods  and  the  use  of  little  or  no 
special  equipment  in  erection.  They,  therefore,  are  available  for  the 
construction  of  the  larger  percentage  of  houses  whether  these  be  located 
on  one  piece  of  property  or  on  scattered  lots.  In  determining  the  type 
of  concrete  construction,  to  be  adopted  in  the  erection  of  an  individual 
project,  consideration  must  be  given  to  the  cost  under  local  conditions 
including  not  only  cost  of  labor,  but  also  that  of  special  equipment 
required. 

The  operation  at  MacDonald,  Ohio,  near  Youngstown,  where  monolithic 


*Appendices  Nos.  2  to  6,  descriptive  of  various  types  of  house  construction,  are 
abstracts  of  articles  that  have  appeared  in  the  technical  press.  They  are,  therefore, 
not  reported  here,  but  they  will  be  printed  as  part  of  the  National  Conferences  on 
Concrete  House  Construction,  in  which  they  were  also  presented  in  a  report. — Editor. 
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double  wall  houses  are  built  ( Appendix  No.  2 ) ,  shows  how  the  construction 
can  be  reduced  to  its  lowest  terms  by  the  adoption  of  a  small  form  so 
designed  as  to  give  an  air-space  between  the  two  parts  of  the  double  wall. 
The  concrete  wall  gives  a  durable  base  for  stucco  which  can  be  so  placed 
as  to  insure  a  pleasing  appearance.  This  type  of  wall  form  can  be  used 
almost  as  economically  on  one  house  as  on  two  hundred  and  fifty  houses, 
except  that  the  fixed  charges  such  as  for  moving  plant  and  rental  of  plant 
will  be  somewhat  higher  for  the  single  house  than  where  a  number  are 
built  in  one  locality.  With  a  large  undertaking  it  is  necessary  to  put 
on  sufficient  equipment  to  complete  the  operation  as  rapidly  as  desired. 

The  completion  of  the  unit  construction  houses  at  East  Youngstown, 
Ohio  (Appendix  No.  3),  is  of  great  interest,  as  when  the  last  report  of  this 
committee  was  made  the  contract  had  just  been  awarded  and  some  work 
undertaken.  The  successful  completion  of  the  undertaking  at  East  Youngs- 
town proves  the  adaptability  of  this  method  for  industrial  housing,  and 
the  homes  built  at  Forest  Hills,  L.  I.,  show  that  it  can  be  used  where 
a  high -class  suburban  house  is  required. 

The  monolithic  construction  as  utilized  in  the  construction  of  houses 
at  Phillipsburg  and  Union,  N.  J.  (Appendix  No.  6),  is  of  peculiar  interest 
in  illustrating  the  economy  possible  by  carefully  working  out  details  of 
forms  and  falsework. 

A  discussion  of  three  types  of  equipment  that  have  been  devised  for 
the  economical  placing  of  concrete  in  monolithic  houses  will  not  be  out 
of  place  at  this  time.  During  1917,  D.  S.  Humphrey  of  Cleveland,  developed 
a  concrete  conveyor  for  placing  concrete  walls  and  roofs  on  the  summer 
cottages  which  he  was  building  at  Euclid  Beach  Park.  This  consisted  of 
a  trough  with  semi -circular  bottom  up  which  traveled  scrapers  propelled 
by  chains.  The  material  was  discharged  from  the  conveyor  into  a  spout 
which  swung  freely  allowing  the  concrete  to  be  placed  at  any  point  in  the 
wall  or  roof  slab.  This  machine  was  developed  for  one  set  of  houses,  but 
was  used  very  successfully  in  the  construction  of  the  concrete  houses  built 
by  the  Hydraulic  Pressed  Steel  Co.,  Cleveland,  Ohio,  for  their  employees. 
A  single  mast  guyed  in  vertical  position  up  which  a  concrete  bucket  runs 
is  manufactured  by  the  Insley  Manufacturing  Co.,  at  Indianapolis,  Ind. 
A  light  hopper  at  the  proper  height  fits  a  spout  through  which  the  concrete 
is  distributed  to  place.  The  lightness  of  this  equipment,  its  simplicity 
and  low  first  cost  recommend  it  for  this  use.  A  light  gasoline  hoist  and 
a  small  derrick  placed  on  the  wall  form  also  have  been  used,  the  concrete 
being  dumped  and  lifted  from  the  ground  to  the  form  above. 

Small  precast  units  divide  themselves  into  two  classes;  the  precast 
slab  held  in  place  by  precast  and  field  units  and  concrete  block.  (Appendix 
No.  4.) 

The  block  may  be  divided  into  two  general  classes,  one  piece  and  two 
piece  blocks.  The  two  piece  construction  is  described  in  Appendix  No.  5 
by  George  A.  Rose,  in  his  description  of  the  Halifax,  Nova  Scotia,  work. 
Their   experience   showed  concrete  blocks   offered   many   advantages   where 
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it  is  necessary  to  push  a  project  through  with  speed.  The  unit  is  suffi- 
ciently small  to  allow  the  work  to  progress  as  rapidly  as  a  mason  can  lay 
them  in  the  wall,  and  by  keeping  overall  dimensions  in  mind  which  will 
fit  the  block  the  architect  can  use  his  ingenuity  to  work  interesting 
exteriors  of  different  designs. 

Criticism  has  been  directed  against  concrete  block  due  to  its  improper 
development  in  the  early  stages;  yet  it  affords  an  excellent  opportunity 
to  utilize  concrete  economically  for  any  design  of  dwellings.  The  develop- 
ment of  the  Hodges  Stucco  Machine  which  throws  the  stucco  into  place 
with  sufficient  force  to  practically  insure  proper  bond  has  recently  focused 
attention  on  the  almost  unlimited  field  for  concrete  block  as  a  base  for 
stucco.  Practically  the  only  criticism  that  has  been  directed  against  the 
use  of  concrete  for  the  walls  of  dwelling  houses,  whether  of  monolithic, 
block  or  other  unit  construction,  has  pointed  to  monotonous  surface  effects, 
probably  due  largely  to  the  absence  of  color  contrasts.  This  criticism  has 
been  .successfully  overcome  by  the  employment  of  various  colored  surfaces, 
the  use  of  colored  etuccos,  concrete  trimstone  or  color  contrasting  with  the 
body  of  the  wall,  contrasting  colors  in  roofs  and  care  in  painting  window 
frames  and  other  trim  to  procure  "contrasting  effects."  Reference  might 
also  be  made  to  the  Donaldson  systems  of  reinforced-concrete  built  without 
forms.  This  combines  a  monolithic  frame  of  columns,  beams  and  floor 
slabs  with  a  double  stucco  wall  suspended  from  and  supported  on  the  wall 
girders  and  interior  beams  (Appendix  No.  1).  Reference  might  also  be 
made  to  the  Ballinger-Perrot  system  of  stucco  on  concrete  studs  using 
cement  gun  equipment. 

In  closing,  it  is  desirable  to  call  attention  to  the  need  of  proper 
planning,  not  only  of  the  general  layout  of  the  project  and  the  design  of 
houses,  but  also  the  methods  of  construction.  The  experience  of  the 
Carnegie  Steel  Co.  is  not  different  from  that  of  any  other  individual  manu- 
facturer. They  have  all  found  it  much  more  difficult  to  build  250  houses 
than  to  build  one  house.  All  have  found  that  there  are  many  details  which 
must  be  standardized  and  carefully  worked  out  simultaneously  if  the  work 
is  to  be  completed  at  reasonable  cost.  In  the  construction  of  groups  of 
concrete  houses  as  in  similar  work  with  houses  or  other  materials  it  will 
be  found  that  unless  there  is  a  systematic  study  made  for  the  standardiza- 
tion of  interior  trim,  doors,  windows,  stairs,  etc.,  the  cost  of  the  house 
will  exceed  expectation. 

Your  committee  recommends,  first,  that  the  name  of  the  Committee 
on  Concrete  Industrial  Houses  be  changed  to  the  Committee  on  Concrete 
Houses,  and,  second,  that  the  scope  of  the  committee's  work  for  the  coming 
year  be  broadened  to  cooperate  with  the  Committee  on  Treatment  of  Con- 
crete Surfaces  in  a  study  of  methods  of  applying  stucco;  to  cooperate  with 
other  interested  agencies  in  the  perfection  of  building  codes  allowing  the 
economical  construction  of  concrete  houses  and  to  study  methods  to  be 
recommended  for  protection  against  fire  in  buildings  with  concrete  walls 
but  somewhat  combustible  interiors. 
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Appendix  No.  1. 
Concrete  House  Construction. 

bibliographical  references  on  report  of  the  committee 
on  concrete  industrial  housing. 

Five  room  stucco  house,  size  24  by  28  ft.  6  in.     Stone  used  in  building  porch, 
wall  and  chimney.      Porch  columns  are  built  of   wood   with   stucco 
finish.     Floor  of  porch  and  steps  are  made  of  concrete.     Illus. 
■  Amer.  Carp,  and  Builder,  Sept.,  1916.     B.  21:6:49. 
Macomber,  A.  K. 

Dwelling  of  unusual  construction  on  ranch  of  Mr.  A.  K.  Macomber 
near  Hollister,  Calif.      House  is  a  Moorish  type  of  architecture  and  a 
feature  will  be  a  patio  in  the  center  with  a  concrete  swimming  pool, 
52  by  72  ft.  in  size. 
Architect  and  Engineer  of  California,  Aug.,  1913.     V.  34: 1 :  113. 
"A    concrete   house   with   double   walls.      Bingham  ton,    N.    Y."      Striking 
example    of    hollow    wall    construction;     various    interesting    details; 
some  figures  of  cost.     Illus.     Plans. 
Building  Age,  Feb.,  1915.     V.  37:2:63-65. 
Western  type  of  two-family  house.     Striking  exterior  finished  in  rough  stucco 
with  roof  covered  with  gray  asbestos  shingles.      Exclusive  of  front 
and  rear  porches,  the  building  is  56  feet  Jong  and  approximately  25 
feet  wide.     Illus. 
Building  Age,  Feb.,  1916.     V.  38:2: 19-25. 
Hoag,  W.  G. 

How  I  built  my  ideal  concrete  house.     A  fireproof  house  designed  by 
a  layman  who  had  well  defined  ideas  of  his  own.     Illus. 
Building  Age,  Feb.,  1916,  V.  38:2:47-52. 
Frudden,  W.  E. 

Concrete  cottages  for  working  men.     Two  examples  embodying  com- 
pact arrangement  of  rooms  with  economy  of  construction.     Illus.     Plan. 
Building  Age,  April,  1917.     V.  38:4:203-04. 
Byers,  C.  A. 

House  of  California  mission  type.     Exterior  walls  are  constructed  of 
cement  stucco  over  metal  lath.     Basement  walls  are  of  solid  concrete 
9  inches  thick,  and  its  concrete  floor  is  surfaced  with  a  Vo-inch  finish 
of  cement.     Illus.     Plans.     Diag. 
Building  Age,  April,  1917.     V.  39:8:409-18. 
Stucco   coated  suburban   residence  of  Mrs.   M.   Lawrence  at  Pelhamwood, 
N.  Y.     Foundation  walls  are  composed  of  local  stone  laid  up  in  lime 
and  cement  mortar.      Cellar  floor  is  composed  of  concrete.      Illus. 
Plans. 
Building  Age,  May,  1917.  V.  39:5:227-34. 
"A  concrete  house  for  'S1000  in  South  Orange  and  in  Union,  N.  J.     Ingersoll 
System."      Monolithic    concrete    housing    construction    on    wholesale 
basis.     Illus.     Plans. 
Building  Age,  June,  1918.     V.  7:302-04. 
Construction   of  concrete  houses  in  Porto  Rico.      Concrete  is  the  popular 
building  material  in  Porto  Rico.      Houses  designed  and  built  to  meet 
the  requirements  of  the  warm  climate.     Illus.     Plans. 
Building  Age,  Aug.,  1918.     V.  40:8:396-400. 
Rhodes,  F.  P. 

Details  of  construction  of  concrete  houses. 
Tin  Canadian  Builder  and  Carpenter,  April,  1914. 
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Lay  David. 

A  concrete  block  house  example  of  artistic  effects  on  a  fireproof  dwelling 
built  at  moderate  cost  in  a  suburb  of  New  York,     lllus. 
Cement  Age,  June,  1906.     V.  3 : 1 :  36-37. 
Parsons,  Frederick. 

Concrete  cottage  as  the  house  beautiful. 
Cement  Age,  July,  1906.     V.  3:2:84-90. 
Moyer,  Albert. 

An  artistic  true  concrete  residence.      Aggregate  is  exposed  to  give 
color  and  pleasing  texture.     Illus. 
Cement  Age,  Jan.,  1908.     V.  5 : 1 :  54-61. 
Cameron,  De  Lancey  A. 

Concrete  offers  opportunity  for  varied  designs  in  country  house  con- 
struction.    Illus. 
Cement  Age,  Dec,  1907.     V.  5:6:372-78. 
Turner,  C.  A.  P. 

Concrete  building  stone.     A  cement  product  which  is  rapidly  advancing 
in  public  favor.     Not  a  cheap  process,  but  admirably  adapted  to  high 
class  work.     Illus. 
Cement  Age,  Jan.,  1908.     V.  6:1: 30-45. 
Lamed,  C.  E. 

The  Edison  concrete  house  conclusions  of  engineers  concerning  the 
practicability  of  the  project.     Purpose  of  the  inventor. 
Cement  Age,  March,  1908.     V.  6:3:268-78. 
Houses  built  of  concrete.     Recent  progress  shows  improvement  in  design  and 
structural  methods.      Examples  of  early  work  and  modern  concrete 
buildings.     Illus. 
Cement  Age,  May,  1908.     V.  6:5:44-456. 
Designs  for  concrete  houses,  with  description  and  cost  data.     Illus.     Plans  tab. 

Cement  Age,  May,  1908.     V.  6:5:457-78. 
Dwelling  of   "metal  lumber"   and   concrete   constructed   of   Bergers  metal 
lumber  and  cement  plaster  on  expanded  metal  lath.     Illus. 
Cement  Age,  May,  1908.     V.  6:5:484-87. 
Concrete  houses  on  the  Pabst  estate  in  Waukesha  County,  Wisconsin.     Illus. 

Cement  Age,  May,  1908.     V.  6:5:613-17. 
An  economical  and  picturesque  concrete  house.     One  of  the  striking  examples 
of   concrete  now  becoming   quite  numerous  in  Southern   California, 
Illus. 
Cement  Age,  Nov.,  1908.     V.  7:5:349-51. 
Wetzstein,  Mentor. 

Fireproof  stucco  construction.     Concrete  block  stucco  houses.     Illus. 
Cement  Age,  Feb.,  1909,  V.  S:2: 142-46. 
An  interesting  example  of  rock  surface  block.     Criticism  of  this  type  of  block. 
Illus. 
Cement  Age,  Feb.,  19C9.     V.  8:2: 153-55. 
Houses  of  Pouly  concrete  hollow  tile.      These  tiles  simple  in  design  and 
methods  of  use.     Have  several  important  advantages  over  the  terra 
cotta  tile.     Illus. 
_      Cement  Age,  Feb.,  1909.     V.  8:2:159-62. 

Simple  methods  of  house  building  truss  metal  lath  used  for  reinforcing  exterior 
walls  as  well  as  partitions.     Illus. 
Cement  Age,  April,  1909.     V.  8 : 4 :  287-89. 
Concrete  "grafted"  on  an  old  farm  house  without  its  being  disturbed.     Heavy 
columns  decorated  with  tiles.     Whole  effect  as  of  the  old  world.     Illus. 
Cement  Age,  May,  1909.     V.  8:5:321-31. 
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Prize  plans  for  concrete  houses.      Universal  Portland  Cement  Go.  offered 
prizes  for  designs  which  were  submitted  in  a  competition  of  the  Chicago 
Architectural  Club.     Illus.     Plans. 
Cement  Age,  Ma}',  1909.     V.  8 : 5 :  332-45. 
Residences  of  concrete,  and  interesting  collection  of  illustrations  of  concrete 
houses  of  the  reinforced  block  and  stucco  types. 
Cement  Age,  May,  1909.     V.  8 : 5 : 344-53. 
Foster,  E.  A. 

The  decoration  and  protection  of  cement  surfaces.     Illus. 
Cement  Age,  May,  1909.     V.  8:5:366-70. 
A  unique  sanitary  house.     Designed  by  M.  D.  Merrill  and  model  exhibited 
at  the  Congress  on  Tuberculosis,  held  in  Washington,  D.  C.     Illus. 
Cement  Age,  May,  1909.     V.  8:5:371-75. 
Howes,  Benjamin  A. 

Reinforced   concrete  houses,   with  special  reference  to  architectural 
details.     Illus. 
Cement  Age,  March,  1910.     V.  10:s:  185-91. 
Pittsburgh  Architectural  Club  prize  contest  for  concrete  house  plans.     Illus. 
Plans. 
Cement  Age,  May,  1910.     V.  10:5:284-306. 
Residence  of  P.  A.  Tomes  of  the  Atlas  Portland  Cement  Co.,  built  of  Pauly 
hollow  concrete  tile.     Illus. 
Cement  Age,  May,  1910.     V.  10:5:302-11. 

At  Brentwood,  Md.,  is  designed  on  the  lines  of  the  model  which  received  the 
.  first  gold  medal  at  the  late  International  Congress  on  Tuberculosis. 
'  Cement  Age,  May,  1910.     V.  10:5:312. 
Cement  companies  in  the  promotion  of  concrete  dwelling  construction.     Illus. 

Cement  Age,  May,  1910.     V.  10:5:316-22. 
Hering,  Oswald  C. 

Two  colonial  houses  in  which  French  and  Italian  features  have  been 
harmoniously  introduced  to  meet  the  demand  of  present  dav  living. 
Cement  Age,  May,  1910.     V.  10:5:332-36. 
Wynkoop,  John  (Squires  and  Wynkoop). 

A  concrete  house.     Description  of  the  constructive  features,  including 
reinforcing,  heating,  ventilating  and  electric  wiring  plans. 
Cement  Age,  Oct.,  1910.     V.  11:4:200-05. 
Parry,  O.  R. 

Concrete  house  at  Pine  Beach,  N.  J.     Construction  tower  used  to  pour 
concrete  by  gravity.     The  house  is  roofed  with  cement  shingles  and 
interior  walls  left  untreated.     Illus.     Plans. 
Cement  Age,  Feb.,  1911.     V.  12:2:78-81.    • 
Construction  of  three  reinforced-concrete  houses.      Specifications,    drawing 
and  photographs  describe  work  plainlv:   cost  data  given. 
Cement  Age,  May,  1911.     V.  12:5:229-37. 
Artistic  and  low-priced  "poured"  concrete  homes  in  the  "Concrete  City"  of 
Virginia  Highlands,  a  suburb  of  Washington.      Steel  forms  used  for 
walls.     Exterior  is  only  brush  coated.     Illus.     Diag.     Plans. 
Cement  Age,  May,  1911.     V.  12:5:242-45. 
H.  P.  Didricksen. 

Concrete  block  residence  construction.     Properly  made  concrete  blocks 
should  offer  every  advantage  known  to  any  other  building  material 
and  lack  the  disadvantages. 
Cement  Age,  June,  1911.     V.  12:6-32  C. 
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Concrete  residence  in  a  New  England  town,  Fitchburg,  Mass.     Wall  of  rein- 
forced concrete  with  hollow  tile  furring.     Illus. 
Cement  Age,  Aug.,  1911. 

A  reinforced  concrete  seashore  house  in  Margate  Park,  N.  J.      Moravian 
Tiles  set  in  the  porch  panels  below  the  window.      Columns  given 
wash  of  pink. 
Cement  Age,  Sept.,  1911.     V.  13:3:98-101. 
Transforming  a  frame  structure  into  one  of  concrete.     Method  described. 

Cement  and  Eng.  Neivs,  July,  1910.     V.  22,  p.  290. 
Stucco  residences  in  Denver  of  White  Portland  Cement.     Illus. 

Cement  and  Eng.  News,  Feb.,  1915.     V.  27:2:36-37 
Hollow  block  residence  with  stucco  exterior.     Main  part  of  house  is  40  by 
40  feet  with  sun  parlor  12  by  18  feet  on  east  side  and  kitchen  12  by 
20  feet;    sleeping  porch  above  on  south  side.      Property  of  E.   W. 
Leplant.     Illus. 
Cement  and  Eng.  News,  April,  1915.     V.  27:4:90. 
Residence  of  A.  Bryan,  showing  high  grade  block  construction.     Illus. 

Cement  and  Eng.  Neios,  Dec,  1916.     V.  28: 12:268. 
Illinois:  Evanston,  Chicago,  Lincoln  Park. 

Brushed    concrete    surfaces.      Residence    at   Evanston    and    lighting 
pillar  and  concrete  bench  at  Lincoln  Park. 
Cement  and  Eng.  News,  Feb.,  1917.     V.  29 : 2 :  36-37. 
Webb,  Warfield. 

Building  the  stucco-coated  house.      Some  reason  why  this  form  of 
construction  should  appeal  to  the  present  day  home  builder.     Entrance 
to  estate  at  Chestnut  Hill,  Mass.     Cement  stucco  house  at  Newton, 
Mass. 
Cement  and  Eng.  News,  Feb.,  1917.     V.  29:2:39-40. 
Illinois:  Oak  Park. 

"Stonekote"  stucco  exteriors  for  residences. 
Cement  and  Eng.  News,  March,  1917.     V.  29:3:64. 
Description  in  detail  of  construction  of  concrete  house  at  Hackensack,  N.  J., 
by  using  the  Herman  J.  Shubert  forms  and  methods. 
Cement  Era,  Dec,  1914.     V.  12,  p.  6. 
White,  Charles,  E.  J. 

Latest  North  Shore  concrete  home,  Lake  Forest,   111.      McLemann 
house  is  built  of  cement  block.      Hollow   concrete   blocks  used  for 
exterior  walls,    covered  with   portland   cement    plaster.      17   rooms. 
Illus.     Diag.     Plans. 
Cement  Era,  Feb.,  1915.     V.  13:2:44-46. 
"In  the  Woods,"  a  concrete  home  in  Chevy  Chase,  Md.      New  home  of 
David  Fairchild,  a  successful  blending  of  Japanese  simplicity,  European 
permanence   and   American   materials.      House   built   of   hollow    tile 
covered  with  a  cream-colored  cement  plaster.     Illus. 
Cement  Era,  April,  1915.     V.  13:4:48-49. 
The  "Stewart  House"  at  Waterloo,  Iowa.     All  blocks  for  building  made  in 
two  pieces,   the  separate  pieces  being  held  together  by  galvanized 
wall  ties  placed  in  the  blocks  as  they  were  made.     Novelty  is  combined 
garage  and  sleeping  porch. 
Cement  Era,  Dec,  1915.     V.  13: 12:43. 
Africa:  Tripoli,  Barbary. 

Concrete  block  residence  of  W.  F.  Riley.     Blocks  made  by  Ideal  con- 
crete block  machinery.     Natives  made  blocks.     Illus. 
Cement  Era,  May,  1916.     V.  14:5:56. 
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White,  C.  E. 

Will  we  build  cement  houses  in  1917?     Description  of  cement  plastered 
house  with  cast  cement  ornamental  panels,  and  description  of  bungalow 
with  exterior  coating  of  cement  plaster.     Illus. 
Cement  Era,  Jan.,  1917.     V.  15: 1:30-33. 
Cement  stucco  house  fiftv-six  years  old. 

Residence   of   M.'  D.    Botsford,   Aherburne,   N.    Y.      Built  in    1855. 
House  is  octagonal  in  plan,  the  exterior  finish  of  the  walls  being  stucco 
penciled  off  to  represent  stone. 
Cement  World,  Sept.,  1911.     V.  8:6:29. 
Concrete  in  South  Africa. 

Governor's  residence  at  Salisbury  in  Rhodesia.      Building  is  a  single 
story  structure,  surrounded  by  a  wide  veranda.     Is  140  feet  long  by 
125  feet  wide,  with  a  detached  kitchen  block  100  by  30  feet. 
Cement  World,  Nov.,  1911.     V.  5,  pp.  8-21. 
Dignified  and  attractive  house  design.     Prospective  and  floor  plans  for  six- 
room  residence. 
Cement  World,  Feb.,  1912.     V.  5,  p.  52. 
A  Dutch  colonial  house  design.     Architectects  prospective  and  dimensional 
floor  plans  for  an  attractive  well  arranged  eight-room  residence  of 
cement  stucco  construction. 
Cement  World,  April,  1912.     V.  5,  p.  51. 
"An  artistic  house  near  Washington,  D.  C.     Designed  and  built  under  the 
supervision  of  an  amateur  concrete  worker. 
Cement  World,  Sept.,  1912.     V.  5,  p.  53. 
Suggestions  for  design  in  concrete  and  rough  cast  buildings  based  on  a  study 
of  examples  of  old  Dutch  architecture  in  Cape  Colony. 
Cement  World,  May,  1913.     V.  7,  p.  24. 
A  modern  residence  embodying  a  combination  of  many  unusual  architectural 
features  worked  out  with  the  aid  of  cement.     Estate  of  E.  W.  Reynolds, 
Pomona  Valley,  Calif. 
Cement  World,  July,  1913.     V.  7,  p.  22. 
Examples  of  moderate  cost  private  homes,  showing  the  architectural  versa- 
tility of  concrete. 
Cement  World,  July,  1913.     V.  7,  p.  35. 
A  review  of  recent  experiences  in  the  erection  of  moderate  priced  concrete 
homes  in  Muskegee,  Okla.,  Gary,  Ind.,  Ludlow,  Mass.,  Washington, 
D.  C,  and  Rochester,  N.  Y. 
Cement  World,  Oct.,  1913.     V.  7,  p.  22. 
One  of  the  earliest  examples  of  concrete  dwelling  construction  in  Iowa. 

Cement  World,  Feb.,  1914.     V.  7,  p.  54. 
"Hand-Made  Cement  House."     Unique  examples  of  residence  construction 
for  which  concrete  was  chosen  as  the  best  available  medium  for  express- 
ing individuality. 
Cement  World,  May,  1914.     V.  8,  p.  47. 
Stucco    and   brick   veneer   residence.      Architect's   scale   drawing,    showing 
layout  of  a  substantial,  well-planned  ten-room  residence. 
Cement  World,  May,  1912.     V.  5:10:58. 
"The  Concrete  Estate."     Some  interesting  examples  showing  the  possibilities 
of  concrete  for  house  and  garden  beautification. 
Cement  World,  Nov.,  1912.     V.  5:22. 
Canadian    block   residence.      Fenwick    residence   in    Ontario.      Panel-faced 
blocks  used  for  main  body  of  wall,  rock -frame  for  corners  and  window 
trim   and  ashlar  blocks  for  verandas.      Foundations  are  solid  poured 
concrete.     Concrete  block  carriage  shed  and  henhouse.     Illus.     Plans. 
Cement  World,  Jan.,  1915.     V.  8: 10  -19:50. 


Report  on  Concrete  Industrial  Houses.  225 

Wood,  CM. 

Complete  concrete  house.     Opportunities  for  cement  products  men  in 
the  growth  of  the  fireproof  building  idea.     Illus. 
Cement  World,  July,  1916.     V.  10:26:28. 
Medusa  Waterproofing  in  facing  of  concrete  blocks.     Illus. 

Cement  World,  Nov.,  1916.     V.  10:8:82. 
Residence  of  concrete  block.      The  concrete  block  industry  has  developed 
rapidly  within  the  past  year.     Illus. 
Concrete,  Jan.,  1905.     V.  3: 1 :  15-16. 
Concrete  block  residence  erected  at  Terre  Haute,  Ind.,  in   1893.      A  good 
illustration  of  time  element  in  that  of  concrete  blocks.     Illus. 
Concrete,  April,  1905.     V.  3:4:21.     . 
Concrete  residence  at  Syracuse,  N.  Y.      Shows  exceptionally  good  artistic 
taste.      Foundation  and  trimmings  made  by  the  Onondaga  Litholite 
Co.     Geo.  A.  Wright,  Architect.     Illus. 
Concrete,  Aug.,  1905.     V.  4:3:13. 
Cement  residences  on  the  Pacific  Slope.     Past  year  has  marked  great  activity 
in  the  use  of  portland  cement  in  the  Pacific  Coast  states.     Illus. 
Concrete,  Oct.,  1905.     V.  4:4:14-15. 
The  building  of  the  City  Beautiful.     Description  of  a  concrete  house,  with 
illustrations. 
Concrete,  March,  1907.     V.  7,  p.  22. 
Design  for  a  concrete  house,  two  stories,  to  cost  $1538.     Plans  and  descrip- 
tion of  house,  with  cost  data. 
Concrete,  April,  1908.     V.  8,  p.  28. 
Swiss  chalet  constructed  of  hollow  concrete  building  rock.      Description  of 
chalet,  with  photograph,  plans  and  cost  data. 
Concrete,  July,  1908.     V.  8,  p.  29. 
Illinois  man's  novel  method  of  concrete  construction  rivals  Edison's.     Descrip- 
tion of  construction  of  a  concrete  mess  house  by  casting  sides  and  then 
raising  them  into  place. 
Concrete,  Sept.,  1908.     V.  8,  p.  19. 
Engineer  builds  economical  concrete  house  with  simple  equipment.      Illus. 
Diag.     Plans.     An  illustration  of  what  can  be  done  with  concrete  by 
an  individual  not  equipped  with  commercial  forms.     Cost  data  given. 
Concrete,  Jan.,  1916.     V.  8:1:3-5. 
Eight  years  of  nature's  work   on   concrete  house  at  South  Orange,  N.  J. 
Residence  of  Albert  Meyer  built  in  19C7  relatively  old  among  concrete 
houses.     Illus. 
Concrete,  Jan.,  1916.     V.  8 : 1 : 8. 
Concrete  boulders  and  casements,  features  of  Waco  house.      Residence  of 
L.  Williams.     Walls  of  hollow  monolithic  concrete  construction  from 
basement  to  roof.     They  were  constructed  without  frame  with  hollow 
wall  machine.     Illus.     Plans.     Tab. 
Concrete,  Jan.,  1916.     V.  8 : 1 :  28. 
$2500  concrete  wall  cottage,  near  Middleburg,  Pa.     Thin  very  wet  mix  of 
concrete  used  large  quantity  of  crushed  field  stone  embedded  in  the 
mixture.     Illus. 
Concrete,  Jan.,  1916.     V.  8 : 1 :  12. 
An  example  of  fireproof  residence  construction  at  Kansas  City,  Mo.     Illus. 

Concrete,  Jan.,  1916.     V.  8 : 1 :  14-16. 

Concrete  house  construction  by  new  form  system.     Built  by  system  which 

is  invention  of  H.  J.  Shubert.     Forms  consist  of  two  metal-lined  wood 

sections  secured  to  U-shaped  unit  frame  which  are  in  turn  supported 

by  scaffold  and  which  grip  wall  to  preserve  alignment.  Illus.  Diag.  Plans. 

Concrete,  Jan.,  1916.     V.  8:1:32-33. 
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Ress,  Glen  M. 

"A  band-box  two-family  apartment  to  be  built  of  concrete  at  Rochester, 
N.  Y."     Walls,  floors  and  roofs  of  concrete.     Arrangement  compact, 
with  many  unique  features.     Cost  data  given. 
Concrete,  Feb.,  1916.     V.  8:2:61. 
Dingman,  Charles  F. 

"Concrete  house  with  tile-lined  walls  at  Jersey   City,   N.   J."      Well 
dampproof  as  well  as  a  heat  insulator.     All  the  concrete  work  cast  in 
place. 
Concrete,  March,  1916.     V.  8:3:110. 
Baumgardner,  Carl  W. 

"A  double-wall   concrete  house  economically  built  in  cold  weather." 
Improvised  heater  for  aggregates.      Walls  and  partition  constructed 
with  hollow  wall  machine,  doing  away  with  wall  forms.     Cost  data 
given.  Illus.     Plans. 
Concrete,  March,  1916.     V.  8:3:111-13. 
"A  concrete  house  with  precast  walls  designed  by  Irving  J.  Gill  and  erected 
at  Hollywood,   Calif."      Walls  cast  in  horizontal  position  and  then 
raised  with  special  equipment.     Methods  devised  some  years  ago  by 
Col.  Arken,  U.  S.  Army. 
Concrete,  May,  1916.     V.  8 : 5 :  198-97. 
Experiments  have  shown  that  the  temperature  in  summer  in  concrete  houses 
is  10  to  15°  lower  than  in  frame  houses  and  that  fuel  savings  of  as 
much  as  20  per  cet.it  are  often  made  in  winter. 
Concrete,  Oct.,  1916.     V.  9:4: 115. 
Bosworth,  P.  H. 

Concrete  homes  in  national  defense.     "The  all-concrete  residence  the 
future  home  of  the  human  race."     A  home  for  defense  in  renascence  of 
an  old  custom. 
Concrete  Age,  Oct.,  1913.     V.  19:1:11. 
"Decorative  possibilities  of  concrete  in  house  building."     Illus. 

Concrete  Age,  Jan.,  1914.     P.  18. 
The  wide  adaptability  of  reinforced  concrete  for  residence  construction,  with 
reference  to  its  fireproof  qualities. 
Concrete  Age,  June,  1914.     V.  20,  p.  11. 
"Poured  concrete  houses  in  Australia."     Concrete  poured  in  molds  and  used 
in  house  construction.     Illus. 
Concrete  Age,  Sept.,  1914.     P.  16. 
"Naval  concrete  construction."      Concrete  house  built  in  the  manner  of  a 
frame  house,  all  parts  concrete. 
Concrete  Age,  Sept.,  1914.     P.  28. 
Magnificent   reinforced    concrete   ranch    residence    in    Texas.      Cost    about 
$150,000.     Property  of  Mrs.  Henrietta  M.  King.     Illus. 
Concrete  Age,  April,  1915.     V.  22 : 1 :  13. 
Cement  in  home  building:   what  it  has  accomplished  in  the  past  and  what  it 
will  accomplish  in  the  future. 
Concrete  Age,  Sept.,  1916.     V.  24:6:22-23. 
Illustrations  of  concrete  homes  with  courts  and  pergolas. 

Concrete  Age,  Jan.,  1917.     V.  25:4:38. 
Six-room  dwelling  house  made  of  bales  of  cement-covered  straw.     House  is 
48  by  18  feet  in  size;  cost  $270. 
Concrete  Age,  Feb.,  1917.     V.  25:5: 18. 
Residence  of  reinforced  concrete  for  Mr.  J.  IT.  W.  Hawkins,  one  of  the  leading 
architects,  after  his  own  design. 
Concrete  Age,  June,  1917.     V.  25:3:35. 
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Concrete  block  cottages  at  Crayford,  Kent.     Illus.     Rural  housing  organiza- 
tion society  directing  scheme.     Illus. 
Concrete  and  Constructional  Engineering,  March,  1915.     V.  10:3:137-45. 

Attractive,   Evanston    (Illinois)   residence,   Illus.      Plans.      Depends  for  its 
beauty  not  upon  any  special  molding  or  cut,  but  upon  plain  surfaces 
with  attractive  color  and  texture  effects. 
Concrete-Cement  Age,  June,  1913.     V.  2:6:297-98. 

Some  attractive  dwellings  near  Pittsburgh,   Pa.      Homes  at  Rossyln,   Pa. 
Farms  built  under  the  direction  of  W.  H.  Parrish.     Cost  data  given. 
Illus.     Diags. 
Concrete-Cement  Age,  Dec,  1912. 

Suggestion  for  poured  concrete  house  to  cost  $3000.     Illus.     Plans.     Design 
by  W.  C.  Larkey  of  Buffalo,  N.  Y.,  and  was  awarded  second  prize  in 
contest  conducted  by  the  Blaw  Steel  Construction  Co. 
Concrete-Cement  Age,  Feb.,  1913.     V.  2:2:80. 

A  concrete  house  may  have  walls  of   beautiful   texture.     Illus.     House  of 
"Telecrete"  concrete  with  stucco  finish  given  dry  dash  of  chips  of  white 
marble,  blue  stone  and  yellow  pebbles. 
Concrete-Cement  Age,  Feb.,  1913.     V.  2 : 3 :  107-08. 

Three  distinct  types  of  concrete  homes.     Illus.     Cast  concrete  stone  poured 
concrete.     Aiken  system. 
Concrete-Cement  Age,  March,  1913.     V.  2:3:110. 

Fireproof  houses  on  western  plains.     Oklahoma  for  $2000.     Illus.     Finished 
with  cement  inside  and  outside.     Some  have  flat  roofs. 
Concrete-Cement  Age,  March,  1913.     V.  2:3:115-16. 

Smith,  Morgan  A. 

Building  a  concrete  residence  on  hillside,  Pittsburgh,  Pa.     Illus.     Plans. 
A  permanent  chute  was  built  from  the  mixer  down  the  hillside  and  at 
the  lower  end  a  movable  trough  distributed  the  concrete. 
Concrete-Cement  Age,  March,  1913.     V.  2:3:134-35. 

Concrete  block  cottages  built  complete  for  $1500  by  U.  S.  Portland  Cement 
Co.     Illus.     Plans. 
Concrete-Cement  Age,  March,  1913.     V.  2:3: 137-38. 

House  built  of  concrete  to  resist  fire  attack.     Green  Laurel,  Miss.     Walls  of 
solid  reinforced  concrete  furred  with  terra  cotta  blocks.     Illus. 
Concrete-Cement  Age,  March,  1913.     V.  2:3:143. 

Industrial  cottages  in  England  at  low  cost.     Illus.     Plans.     Tab.     Detailed 
cost  data  given  for  cottages  at  York. 
Concrete-Cement  Age,  March,  1913.     V.  2 : 3 :  144-45. 

Concrete  and  plaster  houses  on  Mojave  Desert.      Blocks  of  concrete  and 
gypsum  plaster  prove  very  satisfactory  in  a  hot  dry  country.     Illus. 
Diag. 
Concrete-Cement  Age,  July,  1913.     V.  3:1:25. 

Robinson,  Reed.  . 

"An  instance  of  economy  and  simplicity  in  concrete  house  building. 
Irving  Gill,  architect."     A  typical  Gill  house,  artistic  though  some- 
what severe  in  fine  and  low  in  cost. 
Concrete-Cement  Age,  April,  1914.     V.  4:4:1-55. 

Manufacturing  concrete  houses  at  low  cost  at  Midland,  Pa."      Pittsburgh 
Crucible   Steel   Co.,   builders.      House   building  machine   equipment 
reduces  hand  labor  or  effort  to  about  10  per  cent. 
Concrete-Cement  Age,  April,  1914.     V.  4 : 4 :  156-60. 
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Unger,  C.  O.,  Calif.,  Los  Gerritos. 

"Unusual  features  in  residence  construction  made  possible  by  use  of 
concrete."      Walls,  partitions,  beams  in  ceilings,  roof,  floors,  bathing 
pool  (instead  of  bath  tub);    garage  and  even  the  chicken  coop  all  of 
reinforced  concrete. 
Concrete-Cement  Age,  April,  1914.     V.  4:4: 165-67. 
"House  built  of  concrete  block  with  interesting  facing."      Illus.      Specially 
faced  block  used  for  house  at  Scarborough-on-Hudson.     Illus. 
Concrete-Cement  Age,  April,  1914.     V.  4:4: 167. 
Newman,  Rolf  R. 

"A  review  in  the  development  in  the  construction  of  concrete  houses, 
1907-1914."     Illus. 
Concrete-Cement  Age,  April,  1914.     V.  4:4:168-70. 
Comoli,  P.  P. 

Architectural  possibilities  in  concrete,  particular  reference  to  stucco. 
Artisans  called  upon  to  do  surface  work  should  be  an  intelligent  group 
skilled  in  the  proper  use  of  cement  and  concrete. 
Concrete-Cement  Age,  April,  1914.     V.  4:4:111-13. 
"The  use  of  sand  coat  concrete  veneer  slabs  in  Louisville  residence."     Mason 
Maury,  architect.     Illus.     After  seven  years,  the  walls  have  retained 
a  light  uniform  tone. 
Concrete-Cement  Age,  April,  1914.     V.  4:4:176. 
"Concrete  block  houses  in  England."     Chief  claims  to  interest  are  low  cost, 
double  wall  construction  and  absence  of  any  imitation  of  the  construc- 
tion types  which  belong  to  other  materials. 
Concrete-Cement  Age,. April,  1914.     V.  4:4:185. 
"Advancing  the  architectural  appeal  of  concrete  wall  units.     Hydrostone  an 
outgrowth  of  the  Ferguson  system. 
Concrete-Cement  Age,  April,  1914.     V.  4:4:195-98. 
Squires,  Frederick. 

Sage  Foundation  Houses  at  Forest  Hill  Garden,  Long  Island.     Precast 
hollow   concrete  floor,   wall  and  roof  units  and   exposed   aggregate. 
Illus.      System    developed    by    Grosvenor   Atterbury,    a    New    York 
architect,  and  perfected  for  commercial  work  by  Ernest  Ransome. 
Concrete-Cement  Age,  Jan.,  1915.     V.  6:1:3-8. 
Hering,  Oswald  C. 

Stucco  in  suburban  architecture.     Notes  on  Angony  Hill,  Philadelphia 
Illus.     Architectural  possibilities  of  stucco. 
Concrete-Cement  Age,  Jan.,  1915.     V.  1:9:14. 
Havlik,  R. 

Concrete  block  used  in  attractive  and  economical  house  construction. 
Floor  plans  and  comparative  cost  data.     House  built  of  faced  Hydro- 
stone  at  saving  of  19.7  per  cent  over  faced  clay  brick.     Illus.     Diag. 
Concrete-Cement  Age,  Jan.,  1915.     V.  6:1:15-16. 
Smith,  A.  Morgan. 

Some  worked-out  details  in  concrete  house  construction.     Illus.     Plans. 
Concrete-Cement  Age,  Jan.,  1915.     V.  6:1:17-18. 
Two-story  house  with  walls  and  floors  of  concrete  built  for  less  than  $3000; 
24  by  25  feet  in  plan.      Lambie  forms  used.      Itemized  cost  data. 
Surface  brushed  while  concrete  was  still  green.     Illus. 
Concrete-Cement  Age,  Jan.,  1915.     V.  6: 1 : 50-52. 
Kinney,  Wm.  M.,  and  others. 

Good  practice  in  concrete  block  house  construction.      Discussed  by 
Wm.  M.  Kinney,  R.  R.  Newman,  O.  C.  Hering,  A.  F.  Cline,  J.  K. 
Harridge,  G.  R.  Knapp. 
Concrete-Cement  Age,  June,  1915.     V.  6:6:305-08, 
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Roorback,  Eloise. 

Outside  life  in   California  as  expressed  in  the  new  architecture  of 
Irving  J.   Gill.      Illus.      Home  built  around  a  court  in  San  Diego. 
Not  a  single  ornament  mars  the  pure  symmetry  of  its  line. 
Craftsman,  July,  1913. 

Consulman,  John  E. 

Ready-made  houses  built  of  concrete  includes  such  houses  as  may  be 
built  by  standardized  sections  even  though  these  units  are  made  on  site. 
Eng.  and  Cement  World,  Jan.,  1918.     V.  21:1: 57. 

Perkins,  Frank  C. 

Concrete  cottages  for  employees.      Whitlingham  Sewage  Farm,  Nor- 
wich,  England.      Illus.      Blocks   molded   on   the   site   on   a   Winget 
machine.     Gravel  taken  from  farm. 
Engineering  and  Contracting,  May  31,  1916.     V.  45:22:505-06. 

Large  reinforced-concrete    building  at    Walkerville,  Ont.       Illus.       General 
methods  of  construction. 
Engineering  Record,  Jan.  26,  1907.     V.  55,  p.  91. 

The  Mount  Carmel  Wing  of  the  Chateau  Frontenac,  Quebec.     Architectural 
and  mechanical  design  and  concrete  specifications. 
Engineering  Record,  July  24,  1909.     V.  60,  p.  97. 

One  hundred  concrete  dwellings  built  as  one  contract  job  in  Donora,  Pa. 
Standard  designs,  steel  forms  and  contract  methods  similar  to  those 
used  on  large  construction  permit  completion  of  one  house  every  three 
days.     Illus.     Plans. 
Engineering  News-Record,  Sept.  6,  1917.     V.  79:10:442-45. 

"Reinforced  concrete  house  built  without  forms."     Donaldson  system  using 
metal  lath  both  for  forms  and  reinforcements  very  effective  for  small 
residences.     Illus.     Diag.     Plans. 
Engineering  News-Record,  Dec.  5,  1918.     V.  81:23: 1043. 

Unit  built  concrete  cottages  to  house  foreign  labor.     Dwellings  in  Youngstown 
(Ohio)  Sheet  and  Tube  Company's  village  built  in  precast  slabs  erected 
by  traveler.     Illus.     Diag.     Plans. 
Engineering  News-Record,  April  11,  1918.     V.  80:15:698. 

Concrete  for  house  building.     General  discussion  of  relative  merits  of  concrete 
block  and  monolithic  concrete  house  construction. 
Municipal  Engineering,  Jan.,  1906.     V.  30,  p.  74. 

A  stucco  house  in  Menah,  Wis.     Two-story,  nine  room  house,  with  shingle 
roof  and  white  wood  trimming.      National  Builder  Design  No.  386. 
Cost  data.     Illus. 
National  Builder,  Sept.,  1914.     V.  56:9:35:41. 

Milton  Dana  Morrill. 

Washington  architect  has  reduced  the  cost  of  concrete  houses  to  a  mini- 
mum.   House  was  built  at  Brentwood,  near  Washington,  D.  C,  by  Mr. 
Morrill  to  demonstrate  his  ideas. 
Rock  Products,  Sept.  22,  1911.     V.  11:3:54. 


REPORT  OF  COMMITTEE  ON  CONCRETE  AGGREGATES. 

This  committee,  working  in  close  co-operation  with  Committee  C-9 
on  Concrete  and  Concrete  Aggregates  of  the  American  Society  for  Testing 
Materials,  has  had  the  progress  of  its  work  seriously  interfered  with  by 
the  active  participation  of  many  of  its  members  in  Government  work,  and 
more  recently  by  urgently  pressing  business  demands  and  lack  of  assistants 
in  laboratories.  The  committee  has,  through  its  sub-committees,  continued 
some  of  its  investigations  along  lines  previously  laid  out  and  has  considered 
a  large  mass  of  data,  made  available  by  various  investigators  in  the  field 
covered  by  this  committee.  Some  of  this  data  relates  to  the  concrete  and 
mortar  making  qualities  of  aggregates,  both  fine  and  coarse,  as  indicated 
by  their  "Fineness  Modulus"  proposed  by  Prof.  Abrams,  their  "Surface 
Area"  proposed  by  Mr.  Edwards,  and  their  "Surface  Modulus"  proposed  by 
Prof.  Talbot,  and  also  to  the  effect  on  the  strength  of  concrete  or  mortar 
of  the  "Water-Cement  Ratio"  proposed  by  Prof.  Abrams. 

To  get  a  better  idea  of  the  relative  value  and  importance  of  these 
functions,  a  special  sub-committee  is  now  engaged  in  the  conduct  of  a 
series  of  tests,  which  it  is  hoped  will  be  carried  out  by  a  considerable 
number  of  co-operating  laboratories,  designed  to  duplicate  some  of  the 
work  already  done  by  one  or  two  laboratories  in  their  own  investigations, 
and  so  to  furnish  a  basis  for  some  general  comparisons  of  the  functions 
mentioned  in  the  last  paragraph  above.  This  sub-committee  met  in  Chi- 
cago on  November  17  and  18  last  and  spent  the  two  days  considering  data 
placed  before  it,  and  at  the  end  of  the  session  drew  up  an  outline  of  a 
series  of  tests  designed  to  touch  the  high  spots  of  the  work  previously  done 
at  enough  points  to  indicate  the  relative  value  of  the  functions  under 
investigation.     These  tests  are  now  progressing. 


The  Sub-Committee  on  Weight,  Voids,  Specific  Gravity, 
and  Consistency. 

Cloyd  M.  Chapman,  chairman,  made  an  extended  report  in  1917  of  the 
work  done  and  results  obtained  in  investigating  some  eight  methods  of 
determining  the  unit  weight  of  sand.  At  that  time  it  was  suggested  that 
another  method  which  had  been  in  use  at  Lewis  Institute  might  prove  of 
value,  and  consequently  the  committee  undertook  an  additional  series  of 
tests  to  compare  this  newly  proposed  method  with  those  previously  investi- 
gated. 

This  new  method  has  been  called,  for  the  want  of  a  better  name,  the 
Rod  Method,  and  is  operated  as  follows: 

Fill  the  measure  one- third  full  of  the  aggregate,  then,  with  a  pointed 
iron    rod    of    a   prescribed    size,   jab   or    puddle    the   aggregate   twenty-five 
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times,  distributing  the  strokes  over  the  surface  of  the  aggregate  and 
avoiding  penetrating  through  the  layer  of  aggregate  so  as  to  hit  the  bottom 
of  the  measure.  Then  add  another  one-third  to  the  contents  of  the  measure 
and  again  jab  with  the  iron  rod  twenty-five  times,  penetrating  only  the  last 
layer  of  aggregate  placed  in  the  measure.  Next,  fill  the  measure  to  over- 
flowing and  repeat  the  jabbing,  then  strike  off  the  surplus  with  the  iron  rod 
and  weigh. 

This  method  appears  equally  applicable  to  fine  or  coarse  aggregate,  or 
mixtures  thereof,  and  its  simplicity  and  convenience  recommend  it  to  con- 
sideration, since  the  results  obtained  are  of  a  degree  of  concordance  equal 
to  that  obtained  with  the  best  of  the  other  methods  considered  in  the  1917 
report. 

To  investigate  this  method,  it  was  desirable  that  the  same  aggregates 
be  used  that  were  used  in  the  previous  tests,  so  that  results  would  be 
directly  comparable  without  repetition  of  the  earlier  tests.  Inquiry,  how- 
ever, developed  the  fact  that  only  two  of  the  laboratories  co-operating  in 
the  1917  series  had  retained  their  samples,  so  it  was  decided  to  have  the 
new  method  investigated  in  only  one  laboratory,  using  the  same  old  sam- 
ples, but  having  five  different  operators  make  five  tests  each  with  the  same 
measures  used  in  the  previous  tests,  with  the  two  grades  of  fine  aggregate, 
each  of  them  used  in  a  dry  and  in  a  damp  condition.  These  tests  were, 
therefore,  conducted  in  the  laboratory  of  Westinghouse,  Church,  Kerr  & 
Co.,  under  the  direction  of  the  chairman  of  the  sub-committee. 

The  six  measures,  described  and  illustrated  in  the  1917  Proceedings, 
were  used.  They  were  a  100-cc.  cylindrical  measure,  a  1,000-cc.  cylindrical, 
a  i/i-cu.  ft.  cylindrical,  a  ^-cu.  ft.  cubical,  a  1-cu.  ft.  cylindrical,  and  a  1- 
cu.  ft.  cubical  measure.  The  rods  used  were  *4  in.  diameter  by  IS  in.  long 
for  the  100-cc.  and  1,000-cc.  measure,  %  in.  by  18  in.  (long  for  the  quarter) 
for  cubic  foot  measures,  and  %  in.  x  IS  in.  for  the  cubic  measures.  The 
aggregates  were  a  coarse  siliceous  Long  Island  sand  and  a  fine  siliceous 
New  Jersey  sand.  These  aggregates  were  used  "room  dry"  and  moistened 
to  the  extent  of  3%  for  the  coarse  sand  and  5%  for  the  fine  sand. 

In  order  to  make  a  comparison  between  the  results  obtained  by  this 
Rod  Method  and  those  reported  on  in  1917,  a  set  of  tables  similar  to  those 
previously  published  are  given  below,  for  the  Eod  Method. 

By  comparing  this  table  with  Table  I  on  Page  319  of  the  1917  Pro- 
ceedings, it  will  be  noted  that  the  Rod  Method  gives  average  weights  about 
equal  to  those  given  by  Methods  B  and  E,  or  about  midway  between  the 
light  weights  given  by  Methods  A,  F,  and  G,  and  the  heavy  weights  given 
by  Methods  D  and  the  Cone  Method. 

In  Table  II  is  shown  the  average  difference  between  the  highest  and 
lowest  weights  obtained  by  all  operators  with  all  sizes  of  measures. 
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Table  I. — Average  Weights  Obtained  by  All  Operators  with  All 
Sizes  op  Measures. 


Sand. 

Rod  Method,  lbs. 

107.5 

2.  Coarse  Wet 

93.4 

14.1 

4.  Fine  Dry 

99.5 

5.  Fine  Wet 

82.9 

16.6 

7.  Dry 

103  5 

8.  Wet 

88.7 

15.3 

95.8 

Table    II. — Average    of    Difference    Between    Highest    and    Lowest 
Weights  Obtained  by  All  Operators  with  All  Sizes  of  Measures. 


Sand. 


Coarse  Dry 

Coarse  Wet 

Fine  Dry 

Fine  Wet 

Dry  (Coarse  and  Fine) 
Wet  (Coarse  and  Fine) 

Difference 

Average  of  all 


Plod  Method 

lbs. 

3.8 

7.5 

4.4 

6.1 

4.1 

6.8 

2.7 

5.4 

A  comparison  of  this  table  with  Table  III  on  page  323  of  the  1917 
Proceedings  shows  that  the  Rod  Method  gives  as  little  average  difference 
between  highest  and  lowest  results  as  does  Method  D,  and  not  appreciably 
more  than  the  Cone  Method.  The  Rod  Method  gives  a  small  maximum 
difference  as  compared  with  other  methods. 

Taking  up  next  the  average  variation  from  the  mean,  there  is  shown 
in  Table  IT  I  this  average  for  all  operators  with  all  sizes  of  measures: 


Table  III. — Average  for  All  Operators  for  All  Sizes  of  Measures,  of 
the  Variation  from  the  Mean  Weight  of  All  Operators. 


Sand. 


Rod  Method,  lbs. 


Coarse  Dry 

Coarse  Wet 

Fine  Dry 

Fine  Wet 

Dry  (Coarse  and  Fine) 
Wet  (Coarse  and  Fine) 

Difference 

Average  of  all 


0.8 
1.6 
0.8 
0.9 
0.8 
1.3 
0.5 
1.0 


This  table  indicates,  as  will  be  shown  by  comparison  with  Table  V  of 
the  previous  reports,  that  the  Rod  Method  gives  more  concordant  results 
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than  any  method  used  except  the  Cone  Method,  which  Is  slightly  better  in 
this  particular. 

Coming  now  to  a  summary  of  the  results  obtained  with  all  of  the  nine 
methods  employed,  tbere  is  shown  in  Table  IV  data  which  gives  a  very 
concise  idea  of  the  relative  values  of  these  methods. 

From  this  data  it  is  apparent  that  the  Rod  Method  gives  medium 
weights  per  unit  volume,  that  it  gives  a  low  maximum  variation,  and  a 
very  low  average  variation.     The  only  method  offering  lower  maximum  and 

Table  IV. — Effect  of  Method  ox  Average  Weight.  Difference  Between 

Highest  and  Lowest  Weights  Obtained  by  All  Operators  for 

All  Results,  and  Average  Variation  from  Mean  Weight. 


Method. 

A 

B 

C 

D 

E 

F 

G 

Cone. 

Rod. 

Average  Weight 

Average  Maximum  Variation 

88.4 
7.0 
1.9 

98.8 
7.0 
2.1 

103.2 
7.9 

2.2 

104.3 
5.3 

1.4 

98.0 
6.5 
1.7 

83.9 
6.3 
1.7 

87.2 
5.8 
1.6 

11.64 

4.1 
0.8 

95.8 
5.4 
1.0 

average  variations  is  the  Cone  Method,  but,  as  stated  in  the  previous  report, 
the  unit  weights  obtained  by  the  Cone  Method  are  so  high  as  to  be  of  little 
value  in  practice  and,  therefore,  not  considered  a  desirable  standard  method 
for  use  in  determining  unit  weights. 

This  Committee  has,  in  view  of  all  the  data  available,  voted  in  favor 
of  the  adoption  of  the  Rod  Method  as  the  standard  method  for  the  determi- 
nation of  the  unit  weight  of  concrete  aggregate,  and  proposes  to  prepare, 
during  the  coining  year,  standard  specifications  for  the  manipulation  of 
the  method  for  presentation  at  the  next  convention. 

Sanford  E.  Thompson. 

Chairman. 


Cloyd  M.  Chai*man, 

Secretary. 


DISCUSSION. 


Mr.  John  W.  Lowell. — I  would  like  to  make  a  few  suggestions  regard- 
ing some  work  of  a  practical  nature  that  this  committee  might  do.  Did  you 
ever  stop  to  think  that  the  contractor  buys  his  aggregates  by  the  ton  and 
sells  by  the  cubic  yard?  Did  you  ever  stop  to  think  that  there  are  very 
few  real  data  as  regards  the  volume  per  weight  of  aggregate  that  the 
contractor  buys  ?  Not  long  ago  I  thought  of  getting  some  information  on 
this  myself  and  called  up  a  number  of  sand  and  gravel  dealers  and  one  of 
them  told  me  the  sand  weighed  2300  lb.  per  cu.  yd.  I  asked  him  if  he 
would  guarantee  that  the  weight  of  a  cu.  yd.  was  2300  lb.,  and  he  said  no. 
Contractors  in  the  paving  business  use  a  large  amount  of  aggregate,  and  I 
will  venture  to  say  that  under  the  assumed  weight  per  cu.  yd.  the  con- 
tractor is  liable  to  lose  10  per  cent  or  15  per  cent  in  changing  from  weight 
to  volume,  not  only  in  sand,  but  in  pebbles  and  crushed  stone.  I  wonder  if 
this  committee  could  formulate  something  in  that  line  that  Avould  be  of 
value  to  the  contractor? 

Mr.  D.  A.  Abrams.— It  might  be  of  interest  to  point  out,  in  reference 
to  what  Mr.  Lowell  said,  that  Ave  have  been  carrying  out  in  our  laboratory 
an  extensive  study  of  the  \init  weights  of  aggregate  of  different  size  and 
grading,  and  there  is  no  doubt  that  there  is  great  confusion  as  to  the 
quantity  of  materials  secured  under  the  present  form  of  contract.  It  is. 
of  course,  impractical  to  attempt  to  work  to  extremely  fine  limits  in  this 
direction,  but  we  should  attempt  to  get  somewhat  closer  than  we  noAv  are. 
We  are  preparing  a  report  on  this  subject  which  will  no  doubt  be  of  interest 
to  this  committee,  and  probably  will  result  in  the  formulation  of  some 
definite  recommendation  in  this  direction. 

Mr.  E,.  B.  Young. — We  have  made  a  feAV  studies  in  the  Laboratories  of 
the  Hydro-Electric  PoAver  Commission  of  Ontario,  on  the  effect  of  moisture 
in  changing  the  volume  of  sands.  We  found  that  the  increases  in  volume 
because  of  small  additions  of  moisture  to  a  dry  sand  Avere  for  coarse 
materials  seldom  less  than  20  per  cent,  and  for  the  finer  materials  as  high 
as  35  per  cent.  This  bulking  seems  to  be  a  function  of  the  grading  and  its 
amount  can  be  predicted  very  closely  with  ordinary  concrete  sands  if  the 
grading  and  moisture  content  of  the  aggregate  are  known. 

Mr.  C.  M.  Chapman. — Mr.  Lowell  brought  up  a  point  that  the  com- 
mittee has  considered,  that  is,  that  the  method  chosen  should  be  one  that 
would  be  useful  in  determining  the  amount  of  the  aggregate  that  Avent  into 
a  yard  of  concrete.  If,  in  purchasing  concrete  aggregate,  a  determination 
of  its  unit  weight  is  made  by  the  rod  method,  it  will  be  found  that  it  agrees 
very  closely  Avith  the  amount  of  that  aggregate  that  Avent  into  a  yard  of 
concrete.  In  other  words,  the  aggregate  in  the  measure  Avhen  treated  by 
il» is  method  is  about  the  same  degree  of  compactness  that  it  is  in  concrete 
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placed  in  the  form,  so  that  by  this  method  you  may  determine  the  concrete 
of  an  aggregate  in  the  number  of  pounds  that  will  be  required  to  make 
a  given  volume  of  mortar. 

Me.  W.  A.  Collixgs. — As  I  understand  Mr.  Lowell's  inquiry,  the  com- 
mercial sellers  usually  sell  sand  by  weight  because  they  can  weigh  it- 
easily.  I  would  like  to  ask  Mr.  Lowell  if  he  could  suggest  a  better  way 
than  this? 

Mr.  Lowell. — No,  I  could  not  suggest  a  better  way,  unless  they  sold  it 
by  volume.  Of  course,  I  suppose  that  the  sealers  of  weights  and  measures 
would  put  them  under  some  law  for* selling  by  volume  that  would  take  care 
of  it.  On  the  other  hand  if  each  dealer  and  each  producer  of  aggregates 
would  know  exactly  what  his  material  weighed  per  cu.  yd.  for  the 
various  classifications,  and  let  it  be  understood  how  much  it  weighed,  the 
contractor  then  would  have  some  information  on  which  to  make  his  figure. 
As  it  is,  it  does  not  seem  to  me  that  the  general  producer  over  the  country 
has  that  information  at  his  disposal.  I  know  I  have  asked  at  least  two 
dozen  producers  during  the  last  six  months  and  they  have  not  been  able  to 
give  me  the  weight  of  their  material  per  cu.  yd.,  and  say  that  they  would 
guarantee  it  to  weigh  that  much  or  anywhere  near  that  or  that  it  would 
weigh  more  than  that. 

Another  thing  that  comes  up  in  the  selling  of  sand  and  gravel  is  that 
one  producer  has  more  water  in  his  material  than  the  other.  For  instance, 
a  company  that  dredges  directly  out  of  a  river  and  loads  onto  scows,  or 
else  loads  directly  onto  cars  from  a  nearby  point,  would  perhaps  weigh  its 
material  at  their  plant.  Some  other  producer  may  not  have  the  scales  and 
would  weigh  his  material  at  the  nearest  weighing  point  on  the  railroad. 
There  is  going  to  be  a  difference  there  as  to  the  amount  of  water  weighted 
into  the  material.  It  is  all  right  for  the  contractor  to  pay  for  water  pro- 
vided he  knows  he  is  getting  a  certain  amount  of  sand,  too.  It  is  not  a 
question  how  much  the  contractor  pays  for  his  material,  but  a  question  -if 
knowing  how  much  material  he  is  getting,  because  he  charges  for  what  he 
pays  in  the  amount  of  his  contract,  but  if  he  charges  wrongly,  he  may  lose 
the  amount  of  money  he  expected  to  earn  on  the  contract. 

The  Chaik. — As  many  of  you  know,  the  Hydro-Electric  Power  Commis- 
sion of  Ontario  is  putting  in  a  number  of  thousand  yards  of  concrete 
according  to  a  method  of  designing  mixtures  by  quality  of  the  aggregate. 
I  would  like  to  ask  Mr.  Young,  of  the  Commission,  to  describe  the  method. 

Mr.  R.  B.  Young.- — Most  of  the  concrete  put  in  during  last  season — some 
2f),000  cu.  yd. — was  placed  by  the  methods  described  by  the  speaker  in  an 
article  in  Engineering  News-Record,  Jan.  1,  1920. 

In  brief  this  method  attempts  to  fulfil  the  requirements  of  the  de- 
signer, that  the  finished  concrete  shall  have  a  definite  quality  and  of  the 
construction  man  that  the  concrete  mixtures  shall  be  workable.  The  first 
result  is  obtained  by  maintaining  the  water-cement  ratio  of  the  mixture 
constant  at  a  value  found  experimentally  to  give  a  concrete  of  the  desired 
compressive  strength.     The  second  result  is  obtained  by  maintaining   the 
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relation  of  cement  and  water  to  surface  area  at  a  ratio  which  has  been 
found  experimentally  to  give  concrete  mixtures  of  the  desired  plasticity. 
The  former  is  based  on  Professor  Abrams'  conclusions  that  a  definite  rela- 
tion exists  between  the  compressive  strength  of  a  concrete  and  the  quality 
of  its  cementing  medium  as  expressed  quantitatively  by  the  ratio  of  the 
volume  of  water  to  the  volume  of  cement  present,  and  the  latter  is  based  on 
studies  made  independently  by  Mr.  Edwards  and  the  writer,  which  tend  to 
show  that  the  water  required  to  bring  a  concrete  mixture  to  a  given  plas- 
ticity depends  upon  the  surface  area  of  its  aggregates. 

An  example  will  illustrate  the  measure  of  control  we  have  been  able 
to  attain  under  average  conditions.  We  have  a  small  job  on  which  as  yet 
only  a  thousand  yards  have  been  placed.  The  design  called  for  concrete 
having  a  minimum  compressive  strength  of  1500  lb.  per  sq.  in.  when  28  days 
old.  To  cover  contingencies,  the  concrete  mixture  was  designed  to  give 
]  800  lb.  per  sq.  in.  at  this  age.  The  concrete  was  to  be  placed  by  the 
pneumatic  method  and  the  conditions  demanded  that  the  consistency  of  the 
concrete  be  kept  uniform.  By  using  our  method  the  desired  consistency 
was  maintained  continuously  although  the  sand  used  varied  considerably 
both  in  grading  and  moisture  content.  In  the  same  way  concrete  of  the 
required  strength  was  obtained  as  was  shown  by  the  results  of  the  tests 
on  concrete  cylinders  made  from  concrete  taken  directly  from  the  forms 
on  the  job.  The  average  compressive  strength  of  the  first  14  of  these 
cylinders  which  have  been  tested  to  date  is  1775  lb.  per  sq.  in.,  only  25 
lb.  per  sq.  in.  less  than  the  strength  for  which  the  concrete  was  designed. 
Two  of  the  cylinders  tested  slightly  below  1500  lb.  per  sq.  in.,  the  minimum 
requirement  of  the  specification  and  one  slightly  above  2000  lb.  per  sq.  in., 
the  minimum  requirement  of  the  next  higher  class  of  concrete.  When  yon 
consider  that  the  14  cylinders  were  taken  in  most  cases  on  different  days 
and  each  represented  a  different  pouring  of  concrete,  the  result  shows 
excellent  control. 

We  have  had  experience  with  the  other  method  even  as  late  as  this 
year  on  work  being  done  by  us  to  another  firm's  specifications.  Our  experi- 
ence with  the  ordinary  method  is  that  both  consistency  and  strength  vary 
widely.  In  one  case  where  the  design  was  based  on  concrete  having  a  com- 
pressive strength  of  2500  lb.  per  sq.  in.,  when  28  days  old  the  strength 
as  given  by  the  field  cylinders  varied  from  1440  to  3670  lb.  per  sq.  in. 
with  the  majority  testing  at  nearer  the  former  value. 

Another  distinctive  feature  of  our  method  is  the  way  we  overcome 
the  question  of  consistency.  Usually  on  a  concreting  job  it  is  a  continual 
light  as  to  whether  or  not  the  consistency  used  is  "right."  With  us  we 
place  the  decision  as  to  what  is  the  best  consistency  on  the  construction 
superintendent.  Onr  engineer  sets  proportions  based  on  a  normal  con- 
sistency, an  arbitrary  consistency  chosen  for  convenience  which  happens 
to  be  approximately  the  limit  of  dryness  we  have  found  possible  to  place 
successfully  in  the  field.  The  superintendent  new  to  our  method  invariably 
pronounces  it  too  dry,  which  in  many  cases  is  true,  although  probably  not 


Discussion  on  Concrete  Aggregates.  237 

as  much  too  dry  as  he  believes.  Our  engineer  says  to  him,  "Use  any  con- 
sistency you  want  to,  but  one  thing  you  must  do,  and  that  is  to  maintain 
the  ratio  of  water  to  cement  which  has  been  set."  To  do  this  means  that 
for  every  three  gallons  of  water  the  superintendent  adds  to  his  mixture,  he 
is  forced  also  to  add  approximately  one-half  bag  of  cement.  It  doe?  not 
take  him  long  to  see  the  economy  of  the  dryer  mixture  and  to  strike  a 
balance  between  the  additional  cost  of  their  placing  and  the  advantages  of 
the  wetter  but  more  expensive  concrete  mixtures.  The  result  is  usually  the 
best  consistency  for  the  particular  conditions  on  the  job  in  question. 

Mr.  W.  A.  Slater. — I  would  like  to  ask  for  information  on  two  points. 
I  assume  that  one  of  the  main  features  of  the  adoption  of  this  method  of 
grading  is  economy.  If  so,  what  was  the  probable  saving  per  cu.  yd. 
over  using  an  arbitrary  mix  which  would  have  given  a  strength  high 
enough  to  insure  1500  lb.  per  sq.  in.  If  you  have  had  to  estimate  on  the 
2500-lb.  concrete  in  order  to  be  sure  of  1500  lb.,  what  would  you  save  by 
using  this  method?  Would  this  method  be  applicable  with  economy  to 
ordinary  small  jobs  where  much  smaller  quantities  of  concrete  were  to  be 
used? 

Mr.  Young. — I  can  only  answer  the  first  question  by  citing  a  specific 
experience.  We  are  doing  some  work  to  the  specifications  of  an  outside 
firm  which  call  for  the  usual  arbitrary  proportions.  This  work  is  being 
done  with  the  same  concrete  gangs  as  we  are  using  elsewhere  and  the 
inspection  is  similar.  Here  we  have  found  that  to  get  the  quality  of  concrete 
required  it  is  necessary  to  use  one  bag  of  cement  per  yard  batch  in  excess 
of  what  is  used  elsewhere  on  our  work  where  our  own  methods  are  in  force. 

•The  second  question  is  more  difficult  to  answer,  but  my  opinion  is  that 
the  method  can  be  developed  so  as  to  be  applicable  to  the  smaller  jobs. 
As  yet  we  have  not  attempted  it,  but  we  have  studies  under  way  which  we 
expect  will  give  us  a  cheap  method  of  getting  the  necessary  data. 

You  will  appreciate  we  are  doing  our  own  construction  work  and  have 
never  had  to  apply  our  method  to  a  contract  job.  Whether  it  can  be  done 
or  not  we  do  not  knoAv.  Personally,  I  think  it  can.  One  of  the  difficulties 
lies  in  the  type  of  specifications  we  use.  We  classify  all  concrete  into  four 
classes :  A,  B,  C  and  D,  having  compressive  strengths  at  the  age  of  28  days 
of  2500,  2000,  1500  and  1000  lb.  per  sq.  in.,  respectively.  If  we  specify  class 
A  concrete  our  construction  department  is  required  to  produce  concrete  of 
that  quality,  and  we  place  very  little  limit  upon  the  material  which  they 
use  other  than  that  it  shall  not  be  structurally  deficient  in  some  important 
respect. 

The  question  arises  in  this  form  of  specification  whether  we  can  specify 
the  quality  of  the  finished  concrete  and  at  the  same  time  specify  the  method 
of  producing  it  without  being  in  some  measure  responsible  for  the  quality 
produced.  Then,  too,  how  can  we  penalize  the  contractor  for  bad  work? 
These  things  remain  to  be  worked  out. 

Mr.  Slater. — How  much  inspection  cost  was  necessary  to  save  that 
one  bag  of  cement  per  cu.  yd.? 
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Mr.  Young. — We  have  the  same  number  of  inspectors  on  the  job  in 
both  cases. 

Me.  S.  H.  Wightman. — I  would  like  to  ask  Mr.  Young  in  connection 
with  his  statement  that  they  have  established  a  definite  relation  between 
cement  and  water  paste  and  the  areas  of  your  aggregate,  if  that  theory  does 
not  suggest  the  obtaining  of  better  strength  results  or  a  less  amount  of 
cement  for  equal  strength  by  the  use  of  large  aggregate,  particularly  in 
mass  work  using  l^-in.  and  1%-in.  gravel  or  crushed  stone.  Would  it  not 
be  possible  to  employ  3-in.,  and  in  heavy  work  4-in.  stone  to  advantage 
or  economy? 

Mr.  Young. — Under  the  surface  area  theory,  it  would  of  course  be  true 
that  less  cement  would  be  required  by  using  the  coarser  than  by  using  the 
finer  aggregates.  However,  the  cost  of  cement  is  but  one  factor  in  the  cost 
of  concrete,  and  in  my  opinion  the  use  of  large  sized  materials  would  not 
be  as  economical,  all  things  considered,  as  the  use  of  materials  graded 
within  the  usual  limits. 

I  will  give  a  recent  experience  to  illustrate  what  I  mean.  On  a  certain 
job  we  had  trouble  with  our  crushing  plant  which  for  a  time  was  producing 
3% -in.  stone  which  Ave  had  to  use  or  shut  down  the  job.  When  this 
material  was  first  used  the  resident  engineer  began  to  have  difficulty  with 
his  concrete.  Proportions  which  up  to  that  time  were  giving  satisfaction, 
ceased  to  be  workable  when  the  grading  of  the  crushed  stone  changed  from 
the  "2% -in.  and  down"  to  "3% -in.  and  down,"  and  the  proportions  and 
consistency  had  to  be  altered  to  overcome  the  trouble.  This  started  him 
experimenting  and  he  found  by  reducing  the  size  of  the  crushed  rock  to 
"1-in.  and  down,"  he  could  add  one  wheelbarrow  more  of  stone  to  each 
one-half  yard  batch  and  still  maintain  the  desired  degree  of  workability. 
I  have  never  made  any  experiments  to  check  this,  but  I  have  wondered  if 
this  might  not  mean  that  possibly  the  use  of  the  coarse  aggregates  of  the 
smaller  sizes  would  not  really  be  more  economical,  all  things  considered, 
than  using  aggregates  graded  to  the  larger  sizes. 

Mr.  Slater. — -I  want  to  call  attention  to  one  other  feature  brought 
out  by  a  remark  Mr.  Young  has  made.  Suppose  that  concrete  in  being 
worked  to  a  specified  strength  rather  than  an  arbitrary  mix,  and  he  says, 
2000  lb.  of  concrete  is  required;  how  long  does  he  have  to  wait  after  it  is 
placed  to  be  able  to  form  an  opinion  to  see  whether  he  is  going  to  have 
2000  lb.  of  concrete  ? 

Mr.  Young. — We  have  been  able  to  predict  the  probable  compressive 
strength  of  concrete  at  28  days  from  tests  of  the  same  material  made  at 
7  days.  We  are  putting  a  small  hydraulic  press  on  one  of  our  jobs  to 
make  these  and  other  tests.  It  is  almost  impossible  to  make  tests  at  the 
early  ages  unless  a  laboratory  of  some  kind  is  readily  accessible.  If  this 
procedure  proves  successful  we  will  adopt  it  as  general  practice.  Our  experi- 
ence with  field  tests  is  that  they  check  up  satisfactorily  with  laboratory 
tests  for  the  same  conditions,  that  is,  cylinders  made  up  in  the  field  will 
have  compressive  strengths  similar  to  laboratory-made  specimens  of  the 
same  cement  and  water  content  and  of  similar  materials. 


REPORT    OF    COMMITTEE    ON    STANDARDIZING    THE    SPECIFICA- 
TIONS FOR  STEEL  BARS  FOR  CONCRETE  REINFORCEMENT. 

The  committee  presented  a  report  which,  after  discussion,  was  modified 
on  the  floor  to  read  as  follows : 

A  reduction  in  the  number  of  areas  with  equivalent  sizes  of  concrete 
reinforcing  bars  was  recommended  by  the  War  Service  Committee  on  Rein- 
forcement to  the  United  States  War  Industries  Board  during  the  summer 
and  fall  of  1918,  as  a  conservation  measure,  which  would  have  been  adopted 
by  the  Government  had  the  war  continued.  The  necessity  for  this  con- 
servation continues,  and  the  committee  submits  for  adoption  by  the  Insti- 
tute the  following  areas  with  equivalent  sizes  for  concrete  reinforcing  bars: 

Area.  Equivalent  Size. 

1.560  14,   in.   Square 

1.265  lj   in.   Square 

1.000 1      in.   Square 

0.785  1      in.   Round 

0.601  J   in.   Round 

0.440  J  in.   Round 

0.307  |   in.   Round 

0.250  i   in.   Square 

0.196  A   in.   Round 

0. 1 10  1   in.   Round 

The  appended  diagram  drawn  to  scale  shows  the  above  areas  with 
equivalent  sizes. 
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In  view  of  the  present  difficulty  in  obtaining  finished  steel  and  the 
conditions  in  the  steel  market  in  general,  engineers  and  contractors  should 
allow  a  wide  latitude  in  the  grade  of  steel  to  be  used  in  their  work,  and 
the  members  of  the  Institute  are  advised  that  the  steel  manufacturers  and 
the  bar  companies  have,  in  the  present  emergency,  agreed  to  limit  the 
number  of  specifications  for  steel  bars  and  will  manufacture  generally  an 
intermediate  and  hard  grade  material  conforming  to  the  "Manufacturers 
Standard  Specifications  of  Concrete  Reinforcement  Bars  Rolled  from  Bil- 
lets" as  adopted  by  the  "Association  of  Steel  Manufacturers,  March  22, 
1910,  and  Revised  April  21,  1914,"  and  also  to  the  "Standard  Specifications 
for  Rail  Steel  Concrete  Reinforcing  Bars  Adopted  by  the  American  Society 
for  Testing  Materials,"  Aug.  25,  1913. 


REPORT  OF  SPECIAL  COMMITTEE  ON  UNIT  VALUES  FOR 
VERTICAL  SHEAR  IN  REINFORCED-CONCRETE  DESIGN. 

[The  Special  Committee  on  Unit  Values  for  Vertical  Shear  in  Rein- 
forced-Concrete  Design  prepared  a  report  which  was  printed  and  mailed  to 
the  membership  of  the  Institute  thirty  days  in  advance  of  the  Convention. 
It  submitted  at  the  Convention  this  report  with  a  number  of  amendments 
and  asked  that  the  amended  report  be  submitted  to  letter  ballot  by  the 
Institute  as  Recommended  Practice.  It  was  later  found,  however,  that 
the  Committee  on  Reinforced  Concrete  and  Building  Laws  had  adopted  the 
report  of  this  Committee  on  Shear  in  toto,  and  had  incorporated  it  in  the 
proposed  Building  Regulations,  which  became  a  standard  of  the  Institute 
under  letter  ballot  vote  of  April  17,  1920.  The  committee,  therefore,  asked 
that  the  report  be  received  by  the  Convention  and  printed  in  the  Proceed- 
ings as  information.  The  report  of  the  Special  Committee  on  .  .  . 
Shear,  will  be  found  as  Section  44  of  the  Standard  Building  Regulations  on 
p.  283  of  this  volume. 

The  following  discussion  is  based  on  the  shear  provisions  as  preprinted. 
— Editor.] 
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Mb.  Edwakd  Godfbey. — I  would  like  to  ask  one  thing.  The  report 
reads,  "Properly  anchored  bent-up  longitudinal  bars  may  be  considered  as 
web  reinforcement.  The  maximum  unit  shearing  stress  shall  not  exceed 
0.12  fc'  in  any  case."  Is  not  that  out  of  agreement  with  the  paragraph 
(44/i.)  where  only  0.06  is  allowed  for  bent-up  longitudinal  bars? 

Mr.  A.  R.  Lord. — Paragraph  44/i  takes  care  of  the  case  where  you  have 
bent-up  truss  rods  in  a  single  plane,  and  for  that  we  propose  a  limit  of  1'20 
lb.  per  sq.  in.  shear.  If  you  desire  to  use  a  greater  shearing  stress  than  120 
lb.  per  sq.  in.  you  must  provide  a  series  of  bent-up  rods  or  vertical  stirrups 
in  addition  to  truss  rods  in  a  single  plane. 

Mr.  Godfrey.- — I  understand  then  that  if  there  are  stirrups  or  short 
shear  members,  or  bent-up  rods  that  are  bent  up  sharply  at  different  dis- 
tances from  the  support,  they  have  twice  the  advantage  of  a  single  bar  in 
the  shape  you  describe  in  the  figure. 

Mr.  Lord. — The  limit  in  stress  permitted  is  twice  as  great  in  the  case 
of  a  series  of  web  bars  as  in  the  case  of  a  single  bar. 

Prof.  A.  N.  Talbot. — It  is  quite  probable  that  the  paragraphs  (44£) 
concerning  critical  section  for  shear  in  beams,  do  not  bring  •  out  clearly 
enough  for  recommended  practice  that  that  is  not  the  only  section  to  be 
provided  for.  I  would  like  to  suggest  that  the  committee  add  "to  bring 
that  to  any  other  design,"  if  it  is  not  in  the  provisions  elsewhere.  I  should 
like  to  ask  a  question  concerning  the  test  on  which  this  coefficient  of  0.12 
compressive  stress  value  of  shear  is  based.  I  wish  to  ask  if  it  applies  4;o 
rectangular  beams,  or  whether  it  is  based  upon  T-beams  and  upon  beams 
with  I-sections. 

Mr.  Lobd. — The  data  upon  which  this  is  founded  are  not  alone  of 
I  sections  and  T  sections,  but  also  rectangular  sections.  The  series  included 
several  rectangular  sections  in  which  shears  greater  than  600  lb.  per  sq.  in. 
were  carried.  There  is  no  indication  whatever  but  that  we  could  have 
gotten  as  high  shearing  resistances  from  rectangular  beams  as  I-sections 
if  we  had  employed  the  same  percentage  of  web  reinforcement. 

Mb.  S.  C.  Hollistee. — I  should  like  to  ask  Mr.  Lord  at  what  unit  shear 
the  rectangular  beams  which  he  cites  develop  their  initial  crack  in  diagonal 
tension? 

Mr.  Lobd. — The  shearing  stress  at  initial  crack  was  approximately 
400  lb.  to  the  sq.  in.,  sometimes  greater,  sometimes  less. 

Mb.  Godfbey. — Then  I  understand  you  would  allow  300  lb.  on  the  con- 
crete that  showed  an  initial  crack  at  400  in  shear  ? 

Mb.  Lobd. — Yes,  sir,  with  properly  designed  web  reinforcement.  Section 
44 1  would  apply  to  the  case  that  you  mention.  With  reference  to  the 
allowance  of  0.12/'C,  may  I  state  that  several    members  of  the  committee  are 
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of  the  opinion  that  that  limit  is  simply  placed  there  because  it  is  as  high 
as  it  is  necessary  and  desirable  to  go  at  the  present  time  in  designing  web 
reinforcement  of  beams.  If  it  were  necessary  or  desirable  to  go  higher,  I, 
for  my  part,  would  not  hesitate  to  go  to  very  much  higher  stresses  in  shear 
than  the  stresses  which  are  here  stated  as  a  maximum.  The  design  of 
concrete  ships  did,  of  course,  embody  even  higher  shearing  stresses  than 
these,  and  I  have  no  feeling  that  that  allowance  was  not  in  every  way  safe. 

Mr.  Hollister. — I  should  like  to  say,  in  connection  with  concrete  ships, 
that  the  shearing  unit  stress  was  10  per  cent  of  the  ultimate  compressive 
strength  as  intended  before  the  concrete  was  mixed.  In  other  words,  for  a 
4000  lb.  per  sq.  in.  ultimate  strength  of  concrete,  the  shearing  unit  stress  of 
400  lb.  per  sq.  in.  on  the  rectangular  members  was  adopted. 

Mr.  Lord. — I  may  also  state  that  the  results  of  the  test  showed  that 
with  different  grades  of  concrete  the  result  in  shearing  strength  was  very 
slightly  affected;  that  is,  with  concretes  of  differing  strengths  and  the  same 
amount  of  web  reinforcement,  you  secured  practically  the  same  shearing 
resistance  regardless  of  the  quality  of  the  concrete.  That  is  not  an  abso- 
lute statement  because  the  quality  has  to  be  sufficiently  good  to  take  the 
diagonal  compression  stresses,  but  as  far  as  diagonal  tension  is  concerned, 
the  quality  of  the  concrete  is  not  of  first  importance. 

Mr.  W.  A.  Slater. — There  are  two  points  on  which  I  wish  to  speak. 
I  fear  there  will  be  a  misunderstanding  on  a  certain  point  involved  in  this 
discussion.  Prof.  Talbot  asked  a  question  regarding  rectangular  beams, 
and  Mr.  Lord  stated  that  rectangular  beams  were  included.  Mr.  Hollister 
then  asked  the  question  as  to  the  shear  at  which  the  cracks  occurred.  The 
answer  which  Mr.  Lord  gave  referred  to  the  rectangular  beams,  as  I  under- 
stand Mr.  Lord  in  personal  conversation,  but  it  is  likely  to  be  misleading 
because  I  believe  Mr.  Hollister's  question  refers  to  all  the  beams  which  are 
covered  by  the  recommendation,  whether  rectangular  or  I-section.  Beams 
of  I-section  showed  cracks  at  shearing  stresses  between  200  and  300  lb, 
per  sq.  in.,  generally,  and  in  order  to  avoid  later  confusion  I  wanted  to 
make  that  clear  now. 

This  leads  to  the  other  question  which  I  wish  to  discuss.  A  number 
of  the  recommendations  in  this  report  apparently  are  based  upon  the 
concrete-ship  investigational  work,  data  of  which  have  not  yet  been  pub- 
lished. It  is  expected  that  they  will  be  published  in  the  near  future,  and 
it  does  not  seem  wise  to  me  that  the  report  go  finally  to  vote  before  the 
data  on  which  some  of  the  recommendations  are  based  have  been  made 
public  and  an  opportunity  given  to  everybody  to  examine  them. 

Another  feature  which  would  lead  to  the  same  conclusion  regarding 
passing  this  report  over  is  the  fact  that  there  are  now  working  on  this 
same  subject  two  other  committees,  the  Committee  on  Reinforced  Concrete 
and  Building  Laws  of  this  Institute  and  the  new  Joint  Committee  which 
has  just  been  organized  and  is  getting  to  work.  On  both  committees  there 
are  members  of  the  Institute.  It  has  been  known  in  the  past  that  when 
the  members  of  a  committee  have  committed  themselves  to  a  certain  report, 
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it  embarrasses  them  in  making  any  change  when  they  come  to  considering 
a  later  report.  Now,  since  these  committees  have  somewhat  the  same 
personnel  it  seems  to  me  that  it  is  in  the  interest  of  finally  getting  a  report 
on  which  we  can  all  agree,  that  this  report  should  not  come  up  for  approval, 
at  least  tintil  the  data  are  made  public,  and  if  possible  until  the  other 
committees  have  gotten  together  and  can  show  whether  they  will  agree 
on  these  things  or  not.  If  it  is  not  possible  to  agree  on  these  things,  then 
it  is  proper  to  report  independently,  hut  if  we  can  get  together  on  them, 
I  believe  that  the  better  time  to  do  it  is  before  anyone  has  committed 
himself  on  any  report. 

Mr.  C.  A.  P.  Turner  (by  letter). — Shear  failure  in  reinforced-concrete 
beams,  as  pointed  out  by  the  committee,  is  not  a  vertical  cross  breaking  or 
sliding  of  the  material  in  a  vertical  plane,  but  it  is  a  diagonal  rupture  of 
the  material  termed  a  diagonal  tension  failure.  That  such  failures,  in  the 
opinion  of  the  committee,  are  not  proportional  to  the  unit  vertical  shearing 
stress,  is  made  evident  by  their  recommendation  that  the  vertical  unit 
shearing  stress  in  punching  shear  be  limited  to  O.lfc'  in  contrast  to  a 
limiting  vertical  unit  shear  in  simple  beams  with  steel  in  the  bottom 
throughout  ofJL&fe'  where  fc'  is  the  unit  compressive  strength  of  the  con- 
crete. That  the  same  intensity  of  vertical  shearing  stress  may  be  five 
times  as  dangerous  in  one  case  as  in  another,  as  is  here  assumed  by  the 
committee,  would  seem  to  the  uninitiated  to  be  a  thing  so  inexplicable  as 
to  require  a  thorough  investigation  of  the  character  of  the  diverse  deforma- 
tions that  may  result  from  the  same  identical  vertical  unit  shearing  stress 
under  different  conditions,  but  we  look  in  vain  for  any  such  elucidation 
of  this  mystery  in  the  report  of  the  committee.  It  is  a  matter,  however, 
which  is  susceptible  of  explanation  on  the  basis  of  the  accepted  principles 
of  beam  theory. 

Under  load,  a  beam  is  said  to  be  subjected  to  a  transverse  stress — i.e., 
subjected  to  combined  bending  and  shearing  stresses.  This  involves  longi- 
tudinal strains  consisting  of  horizontal  compressions  and  elongations  of 
the  outer  fibers  with  no  change  of  length  at  the  neutral  surface,  and  to 
the  extent  that  the  material  is  elastic  these  strains  are  proportional  to 
the  distances  of  the  fibers  from  the  neutral  surface.  Transverse  vertical 
strains  also  occur,  but  these  are  of  an  order  so  much  lower  than  the  longi- 
tudinal strains  that  they  are  commonly  disregarded.  These  strains  together 
produce  angiilar  rotational  distortion  of  the  material  of  the  web  of  the 
beam.  Where  this  angular  shearing  distortion  exceeds  a  certain  limiting 
value,  elastic  failure  begins  and  cracking  occurs. 

An  initially  plane  right  section  of  a  beam  will  not,  after  flexure,  be  in 
general  either  vertical  or  normal  to  the  curve  of  flexure,  but  will  lie 
between  the  vertical  and  the  normal.  The  angle  between  the  vertical  and 
the  normal  will  be  equal  to  the  slope  a  of  the  deflection  curve  of  the  beam, 
while  the  angle  between  the  normal  and  the  plane  section  is  the  horizontal 
shearing  detrusion  h  at  that  section,  and  in  case  of  material  regarded  as 
perfectly  elastic  is  proportional  to  a  at  that  point — i.e.,  h  =  Aa,  in  which  A 
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is  a  constant  for  a  given  beam  and  is  dependent  upon  its  cross  section  and 
other  physical  properties.  Let  B  represent  the  amount  of  bending  produced 
by  a  given  bending  moment  M,  then  B  —  M /EI,  in  which  E  is  the  modulus 
of  elasticity  and  /  the  moment  of  inertia  of  the  beam. 

Then  from  the  differential  equations  of  beam  theory  we  have* 

1     dh2         d?a         dB 1      dM         S  (1) 

A    dx2  ~  dx2   ~  dx    ~  EI     dx   ~  EI 
in  which  8  is  the  shear  to  which  the  rate  of  increase  dm/dx  of  the  bending 
moment  at  any  point  is  due. 

Now,  a  =  ^B  =  $M/EI (2 ) 

and    h  —  Aa  =  A  %M/EI  ...  .. ( 3 ) 

hence,  in  any  given  beam  Ave  have  h  proportional  to      M. 

It  therefore  appears  from  this  equation  that  the  detrusion,  or  the 
liability  to  failure  by  angular  distortion  at  any  point,  depends  directly 
upon  the  total  area  of  the  moment  curve  between  that  point  and  some 
point  where  the  detrusion  is  zero,  while  equation  ( 1 )  shows  that  it  is 
not  the  detrusion  h  that  is  directly  proportional  to  the  vertical  shear  8, 
but  that  it  is  merely  the  second  differential  coefficient  of  h  that  is  propor- 
tional to  8,  a  quantity  that  has  no  proportional  physical  relation  to  failure 
bv  shearing  distortion. 


FIG.    1. 


It  is  commonly  assumed  that  diagonal  failure  is  so  related  to  vertical 
shearing  stress  that  the  intensity  of  the  shear  is  the  controlling  factor,  but 
such  is  not  the  case,  since  diagonal  shear  failure  is  due  to  detrusion,  which 
by  equation  (3)  is  proportional  to  2 M  and  not  to  8. 

These  relations  may  be  represented  graphically!  by  treating  the  moment 
areas  whose  ordinates  are  M  as  a  kind  of  loading  whose  summations  give 
the  ordinates  h  of  the  detrusion  curve  in  the  same  manner  as  the  summa- 
tion under  an  ordinary  curve  gives  a  shear  curve. 

Such  a  detrusion  curve  A'ACB'  is  shown  in  Fig.  1,  whose  ordinates 
measured  from  AB  represent  the  magnitude  of  the  detrusions  h  for  a  simple 
beam.     Here  the   maximum  detrusion   h  occurs  at  the  end  of  the  simple 


*See  Concrete  Steel  Construction,  Eddy  &  Turner,  2nd  ed.   1919,  pp.   180-185. 
tSee  Concrete  Steel  Construction,  Eddy  &  Turner,  2nd-ed.  1919,  p.  182. 
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beam  and  is  represented  in  relative  magnitude  by  AA'  at  the  left  and  BB' 
at  the  right. 

But  for  a  beam  fully  restrained  at  the  ends  and  having  a  constant 
moment  of  inertia,  the  detrusion  is  measured  from  the  line  A'B',  in  which 
case  h  is  zero  at  the  supports  and  at  mid  span,  while  the  maximum  values 
of  h  which  occur  at  the  points  of  inflection  are  only  about  one-fifth  the 
values  at  the  ends  of  the  simple  beam  of  the  same  length,  loading  and  cross 
section. 

It  is  to  be  specially  noticed  that  the  detrusion  curve  A'CB'  is  unchanged 
by  any  restraints  at  the  supports,  just  as  is  the  curve  of  shears,  but  the 
line  of  zero  detrusion  from  which  the  detrusion  ordinate  h  is  measured 
is  changed  in  position  by  the  restraints  at  the  supports.  In  the  case  of 
perfect  restraint  the  line  of  zero  detrusion  is  revolved  about  0  from  AB 
to  A'B',  while  complete  restraint  at  the  end  A  alone  would  change  it  to  a 
new  position,  one  point  of  which  would  be  A'.  The  same  principles  apply 
to  the  zero  line  of  detrusions  and  the  moment  area  as  a  kind  of  loading 
that  apply  to  the  line  of  zero  shears  when  we  have  given  the  profile  of  the 
load  area  for  homogeneous  loading. 

Since  by  (3)  it  appears  that  h  is  inversely  proportional  to  EI,  it  ij 
evident  that  the  higher  the  steel  ratio  the  higher  becomes  the  unit  vertical 
shear  that  can  be  resisted  before  failure  by  cracking.  Now  I  =  Aijd2,  and 
A  =  pbd,  in  which  p  is  the  steel  ratio,  ft  the  breadth  of  the  cross  section, 
and  d  its  depth.  But  since  M  is  proportional  to  the  span  length,  it  follows 
that  the  limiting  shear  deformation  is  inversely  as  the  ratio  of  the  depth 
to  the  span  length,  L.  Consequently,  the  variation  in  safe  values  between 
shallow  and  deep  beams  is  wide.  For  N  —  L/d  —  30,  the  committee's  values 
are  at  least  twice  too  large,  but  too  small  where  N  =  10,  with  the  steel  at 
the  bottom  throughout. 

The  failure  of  the  committee  to  differentiate  between  the  deep  and 
shallow  beam  is  accounted  for  by  the  limited  range  of  the  tests  upon  which 
their  report  is  based  and  their  complete  failure  to  apply  mathematical 
reasoning  to  the  problem  in  hand. 

Having  briefly  presented  the  analysis  of  shear  deformation  in  terms 
of  homogeneous  material,  it  is  now  in  order  to  investigate  the  differences 
involved  in  the  non-homogeneous  make-up  of  reinforced  concrete  members. 

First,  where  the  steel  is  straight  and  in  the  bottom  of  the  beam  the 
angular  shear  deformation  would  not,  before  slipping  occurred,  vary  greatly 
from  that  in  the  homogeneous  beam.  The  increment  of  bond  shear  along 
the  reinforcing  element  would  cause  some  irregularity  of  distribution  across 
the  beam.  Bending  up  a  part  of  the  steel  in  the  simply  supported  beam 
places  the  steel  in  position  to  resist  directly  a  portion  of  the  vertical  shear, 
thereby  reducing  the  increment  of  shear  deformation  resisted  by  the  con- 
crete. In  the  continuous  beam  such  bending  of  part  of  the  steel  downward 
from  the  top  across  the  inflection  point  is  especially  effective  in  reducing 
bond  stress  between  the  steel  and  concrete  and  increasing  the  shear 
resistance  of  the  member. 
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In  the  continuous  beam  the  magnitude  of  the  angular  shear  distortion 
varies  not  only  with  the  steel  ratio  and  ratio  depth  to  span  length,  but  in 
accord  with  the  mechanical  law  of  the  distribution  and  apportionment  of 
moments  where  the  moment  of  inertia  is  variable  instead  of  constant. 
This  fact  is  obvious  from  equation  (3),  by  which  h  varies  as  %M,  the 
apportionment  when  restraint  is  complete  being  such  that  the  positive  and 
negative  moment  areas  divided  by  the  respective  moments  of  inertia  where 
the  positive  and  negative  bending  occur  are  equal. 

The  committee  states  that  the  shearing  resistance  of  flat  slabs  is  not 
known  to  them.  Such  slabs  present  a  state  of  plane  hydraulic  stress  about 
the  column  which  accounts  for  their  remarkably  high  resistance,  which 
is  so  much  in  excess  of  that  of  continuous  beams. 

Nevertheless,  the  steel  ratio  and  the  ratio  of  thickness  to  span  are 
as  important  in  determining  their  shear  resistance  as  is  the  case  with  the 
ordinary  beam.  One  hundred  fifty  pounds  per  inch  in  stress  on  a  thin  slab 
may  be  relatively  higher  than  300  pounds  per  square  inch  on  a  thick  slab 
properly  reinforced. 

The  flat  slab  differs  from  the  beam  in  that  the  moment  of  inertia  of 
the  steel  mat  is  affected  by  the  difference  in  curvature  between  the  beam 
and  the  slab.  In  the  beam  the  curvature  is  cylindrical  and  the  moment  of 
inertia  is  determined  by  the  cross  section  of  the  steel  normal  to  the  element 
of  the  cylinder.  In  synclastic  curvature,  however,  the  mode  of  operation  is 
different,  in  that,  like  a  thin  shell,  curvature  in  one  direction  changes  the 
curvature  in  the  opposite  direction  in  the  reverse  order,  and  the  moment 
of  inertia  of  the  steel  by  this  operation  is  increased  for  any  given  direction 
as  compared  with  cylindrical  curvature  two  and  one-half  times.  Therefore, 
the  angular  detrusion  of  the  plate  is  reduced  inversely  as  the  increase  of  the 
effective  moment  of  inertia.  Such  reduction,  however,  does  not  apply  to 
anticlastic  curvature,  whether  produced  by  non-uniform  distribution  of 
metal  or  by  restraints  affecting  the  curvature. 

Scientific  advance  is  supposed  to  be  accomplished  by  the  painstaking 
application  of  scientific  theory  corroborated  and  checked  by  experiment. 
Heterogeneous  experiments  may  substantiate  such  theory  while  failing  by 
themselves  to  substantiate  broad  conclusions.  The  committee's  complete 
failure  to  apply  analytical  methods  of  investigation  deprives  their  con- 
clusions of  any  weight  other  than  that  which  may  be  assigned  to  a  mere 
mechanical  average  of  the  limited  and  heterogeneous  tests  compared  by 
them. 

That  the  report  apparently  recommends  that  the  resistance  of  the 
entire  area  of  the  cross  section  of  a  continuous  plain  concrete  beam  be 
figured  on  the  same  unit  value  under  punching  shear  as  is  recommended  for 
that  part  only  of  the  cross  section  below  the  reinforcement  in  case  of  a 
continuous  reinforced  beam  of  the  same  external  dimensions  strikes  the 
writer  as  such  a  grotesque  absurdity  that  it  can  seemingly  be  accounted 
for  only  as  a  misprint  in  a  preliminary  report. 

The  resultant  principal  strain  at  rupture   is  in  general  a  composite 
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of  the  angular  detrusion  and  direct  fiber  elongation,  because  the  latter  may 
occur  independently  of  angular  shear  distortion.  The  ajjparent  state  of 
stress  arrived  at  by  finding  the  resultant  of  the  vertical  unit  shear  stress 
and  the  static  horizontal  stress  due  to  bending  is  wholly  unrelated  to  the 
true  principal  strain,  since  the  vertical  shear  is  not  proportional  to  the 
angular  shear  distortion.  As  the  laws  governing  the  latter  become  more 
generally  understood,  weak  and  unsatisfactory  designs  for  light  loading 
on  the  one  hand,  and  unreasonably  expensive  and  excessively  heavy  con- 
struction for  heavy  loading  on  the  other  hand,  will  be  less  frequent  and 
our  building  codes  in  course  of  time  may  become  somewhat  rational  and 
scientific. 

The  report  states  that  the  recommended  shear  values  are  derived  from 
experiment,  not  by  theoretical  reasoning  checked  by  experiment. 

In  the  sketches  of  beams  shown  in  the  preprinted  report  the  loading  is 
shown  to  have  been  applied  at  the  third  points  of  the  beam.  The  question, 
therefore,  arises  whether  shear  values  obtained  from  such  experiments  are 
directly  comparable  to  the  ordinary  case  of  building  construction  in  which 
the  loads  are  uniform.  The  general  equations  before  quoted  permit  this 
matter  to  be  readily  investigated  by  computation. 

Consider  the  case  of  a  given  beam,  uniformly  loaded  with  a  given 
weight  W,  as  Case  I ;  that  of  the  same  beam  having  the  same  weight  W 
applied  equally  at  the  third  points  as  Case  II. 

The  relative  detrusion  curve  for  uniform  load,  Case  I,  is  given  in 
Fig.  1. 

With  the  load  concentrated  at  the  third  points,  the  bending  moment 
at  the  center  is  WL/Q  for  Case  II  as  against  WL/8  in  Case  I,  so  that  the 
tangent  of  intersection  of  the  detrusion  curve  of  Case  II  with  the  axis  of 
reference  AB  at  C  will  be  one-third  greater  than  for  Case  I,  Fig.  1. 

For  the  load  applied  as  in  Case  II  equally  at  the  third  points  there  is 

no  shear  in  the  middle  third  of  the  beam.     Hence  =  0.     The  change 

dx 

in   direction  of  the  detrusion   curve  is  therefore  zero  between  the   points 

of  loading,  and  it  is  a  straight  line  between  the  points  of  application  of 

the  load.     Since  the  shear  8  is  constant  between  the  load  and  the  support. 

—  =  equals  a  constant  for  this  portion  of  the  beam. 

dx  S 

Hence  the  detrusion  curve  for  the  end  portion  of  the  beam  is  a  para- 
bolic arc  tangent  to  the  straight  line  portion  of  the  curve  at  the  load  point, 
x  —  L/3.  The  apex  of  this  arc  lies  on  AA'  on  the  left,  or  BB'  at  the  right 
of  the  curve.  The  new  ordinate  AA'  for  a  load  at  the  third  point  is  one- 
third  greater  for  Case  II  than  for  Case  I,  as  appears  from  the  summation 
of  the  moments  in  the  respective  cases.  The  parabolic  arc  being  short 
differs  little  from  a  circular  segment  whose  center  lies  on  AA'  to  the  right 
and  on  BB'  to  the  left. 

Because  of  these,  differences  in  the  detrusion  curves  in  the  two  respec- 
tive cases,  the  critical  section  Case  I  would  not  occur  at  the  same  point 


Discussion  on  Unit  Values  for  Vertical  Shear.     249 

along  the  beam  as  with  Case  II,  the  latter  being  nearer  the  end  of  the 
beam.  Hence,  the  selection  of  the  same  locus  as  the  critical  section  by  the 
committee  for  any  loading,  uniform  or  concentrated,  which  presents  the 
same  unit  vertical  shear,  is  arbitrary  and  irrational.  Moreover,  because 
the  same  unit  vertical  shear  at  the  end  of  the  beam  produced  by  the  same 
total  load  W  distributed  uniformly  on  the  one  hand  and  concentrated  at 
the  third  points  on  the  other,  produce  an  angular  shear  distortion  33  per 
cent  greater  in  one  case  than  in  the  other  and  a  different  ratio  of  increase 
safe  unit  values  for  vertical  shear  figured  on  the  cross  section  of  the  beam 
in  the  horizontal  elongations,  with  the  change  in  the  moment  curve  the 
should  be  nearly  50  per  cent  higher  for  uniform  load  than  for  the  same 
total  load  concentrated  at  the  third  points  of  the  beam. 

The  committee's  recommendation  of  the  same  value  for  these  different 
conditions  based  upon  test  of  but  one  of  them  is  thus  approximately  50 
per  cent  in  error,  as  an  application  of  the  principles  of  the  elastic  theory 
of  flexure  shows  for  the  ordinary  case  of  uniform  loading. 

As  this  theory  is  the  basis  of  all  acceptable  analyses  of  concrete  in 
flexure,  the  empirical  deductions  of  the  committee  will  fall  short  of  general 
acceptance  as  a  standard  until  they  are  corrected  to  harmonize  therewith. 

Mr.  Edward  Godfrey  (by  letter). — It  is  gratifying  to  observe  that 
others  are  beginning  to  see  the  things  I  have  been  pointing  out  for  nearly 
fifteen  years.  The  loose  stirrup  and  short,  unanchored  shear  member  are 
beginning  to  find  their  proper  place  in  oblivion.  Ileal  anchorage  of  main 
reinforcing  rods  that  are  depended  upon  to  reinforce  a  beam  for  diagonal 
tension  is  also  given  a  place  in  your  report.  Many  years  ago  I  was  ridiculed 
for  proposing  such  things. 

But  your  report  still  has  many  pieces  of  the  old  shell  hanging  to  it. 
The  stirrup,  dressed  up  with  an  end  anchorage  and  restricted  in  its  girth, 
is  a  stirrup  still  and  never  has  been  and  never  could  be  shown  by  analysis 
to  be  a  proper  element  in  design.  The  short  diagonal  shear  member, 
restricted  to  an  inclination  of  60  degrees  with  the  vertical,  is  only  a  little 
better  than  the  stirrup.  The  analysis  is  self-evident,  but  analysis  is 
asked  for. 

In  the  first  place,  it  is  inconceivable  that  a  vertical  stirrup  in  a  whole 
beam  could  take  any  stress.  There  is  no  force  in  a  beam  that  elongates 
its  vertical  dimension,  hence  there  can  be  no  stress  in  the  stirrup,  for 
the  concrete  in  which  the  stirrup  is  embedded  remains  exactly  the  same 
dimension  in  the  direction  of  the  axis  of  the  stirrup. 

If  the  stirrup  is  for  a  broken  beam,  what  about  the  portion  of  the 
shear  that  the  concrete  is  to  take?  What  will  take  that  shear  if  the 
concrete  web  has  failed? 

Stirrups  and  short  shear  members  do  not  relieve  the  concrete  between 
these  members  of  shear  or  diagonal  tension.  Th?  beams  of  Figs.  1  and  2 
are  not  relieved  of  failure,  on  the  lines  indicated,  by  the  presence  of  the 
short  shear  members,  anchorage  or  no  anchorage. 
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The  careful  restriction  in  paragraph  11  of  the  report  to  an  inclination 
of  60  degrees  for  web  members,  and  the  general  disregard  in  the  report 
of  the  only  web  reinforcement  capable  of  analysis  (rods  bent  up  at  the 
quarter  point  with  a  long,  flat  angle)  are  bad.  In  Figs.  3  and  4  on  any 
of  the  diagonal  lines  there  is  no  provision  for  web  reinforcement.  Only 
horizontal  steel  crosses  these  lines,  and  the  shear  in  all  of  these  sections 
may  be  greater  than  the  unaided  concrete  can  safely  carry. 

There    is    one,    and   only   one,    system   of   reinforcement    for    diagonal 


Fig.  I 


Fig.Z 
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Full  Anchorage 


Fig.  5. 


tension  that  admits  of  logical  analysis,  and  this  seems  to  be  the  one  system 
not  sanctioned  by  this  report. 

The  system  of  reinforcement  referred  to  is  illustrated  in  Fig.  5. 

No  matter  what  sections  may  be  cut  in  the  end  quarter  of  span,  where 
the  shear  is  in  excess  of  that  allowed  on  the  concrete,  diagonal  steel  is  cut; 
and  this  steel  is  capable  of  taking  the  stress,  for  it  is  fully  anchored.  It 
happens,  too,  that  this  is  the  only  system  of  reinforcement  that  has  ever 
been  shown  by  measurement,  so  far  as  the  writer  knows,  to  have  any 
considerable  stress  under  test. 

Figs.  6,  7  and  8  illustrate  how  and  why  the  diagonal  tension  rein- 
forcement shown  in  Fig.  5  is  effective  and  takes  stress.     These  figures  show 
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also  how  and  why  vertical  stirrups  and  diagonal  shear  members  with  a 
steep  inclination  are  not  effective  and  take  little  or  no  stress ;  this  is  in 
addition  to  their  faihire  to  be  located  where  they  can  do  much  good  in  a 
beam. 

Paragraph  la  of  "Recommended  Practice  in  the  report  allows  0.12/  ' 
for  unit  shear  where  "properly  anchored  bent-up  longitudinal  bars"  are 
used,   and   Fig.    14    of   the    report   shows   examples,    presumably,    of   these 


Vertical      Stirrup    not    elongated- 
Elongation    in    Inclined      Stirrup  slight. 


Main    "Rod   has  good    Elongation 


Vertical    Shear 
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Upper  half  of  main  roa  elongated    by  reason 
of  tension   in  upper   part  of  beam 

■No  elongation    in    vertical    Stirrup 

long  at  ion    in  inclined  stirrup   insignificant 


Lover  half  of  main  rod  elongated  by  reason 
of  tens/on   in  /ower  part  of  beam. 

Fig.  6. 


properly  anchored  bars.  This  figure  also  shows  critical  shear  sections. 
But  there  is  not  a  scintilla  of  diagonal  steel  crossing  any  of  these  critical 
sections.  What  takes  the  shear  ?  All  of  the  bent-up  bars  rise  at  a  sharp 
angle  with  the  vertical.  Furthermore,  they  are  bent  at  a  considerable 
distance  from  the  support,  and  yet  the  report  says,  on  page  4,  paragraph  8 : 
"The  construction  in  which  the  bent-up  bars  reach  the  top  of  the  slab 
at  a  considerable  distance  from  the  edge  of  the  support  were  decidedly 
erratic." 
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It  is  astounding  that  this  report,  whose  author  states  that  erratic 
results  were  found  in  tests  of  a  certain  kind  of  web  reinforcement,  should 
allow  in  that  very  kind  of  reinforcement  double  the  shearing  unit  on 
any  other  style  of  reinforcement  and  double  what  has  heretofore  been 
used  as  a  maximum.  y-<  r^6 — 

Prof.  W.  K.  Hatt  in  "Proceedings,"  American  Concrete  Institute,  Vol. 
XIII,  p.  285,  says,  "The  principles  of  action  of  s««h  reinforcing  are  on  a  very 
insecure  experimental  basis  and  have  little  rationality."  I  can  appreciate  the 
predicament  of  a  professor  of  engineering  who  is  up  against  the  proposition 
of  trying  to  square  up  with  any  kind  of  logic  the  standard  practice  of 
reinforcing  the  web  of  a  concrete  beam  and  the  standard  treatment  of 
the  same  in  textbooks  and  committee  reports.  It  can't  be  done.  A  student 
of  ordinary  intelligence  can  ask  the  professor  questions  about  how  the 
standard  stirrup  or  shear  member  acts  that  no  wise  professor  can  answer. 
Here  are  a  few  sample  questions:  Does  the  vertical  dimension  of  a  whole 
concrete  beam  increase  or  diminish  under  a  load?  The  only  answer  possible 
is  no.  How  then  can  the  stirrup  take  either  tension  or  compression,  since 
the  concrete  in  which  it  is  embedded  remains  exactly  the  same  dimension 
in  the  direction  of  the  axis  of  the  stirrup?  If,  then,  the  stirrup  takes 
neither  tension  nor  compression,  does  it  take  the  vertical  shear  of  a  beam? 
No,  it  is  not  in  a  position  to  take  vertical  shear.  Can  a  stirrup  take  hori- 
zontal shear  in  a  beam?  Yes,  a  trifling  amount,  but  this  would  not  aid 
the  concrete  in  carrying  the  vertical  shear  to  the  support.  What,  then,  is 
the  nature  of  the  "stress"  which  reports  apportion  to  stirrups,  since  it  is 
equally  absurd  to  attribute  either  tension,  compression,  or  shear  to  these 
members  ?  I  have  been  waiting  for  an  answer  to  this  question  for  many, 
many  years. 

It  is  possible  by  making  up  freak  test  beams  with  a  large  number  of 
stirrups  welded  to  the  horizontal  steel  to  show  large  ultimate  shearing 
strength.  A  few  stirrups  will  add  some  strength  to  a  beam.  A  peck  of 
nails  would  do  the  same  thing,  if  the  nails  were  loosely  distributed  in  the 
beam.  Any  kind  of  crisscross  steel  reinforcement  strengthens  the  concrete 
of  a  beam  for  tension,  shear  and  compression.  But  it  is  a  far  cry  from 
making  this  acknowledgment  to  the  proposition  that  a  stirrup  has  any 
definite  value  in  a  beam  or  the  proposition  that  stirrups  as  placed  in  the 
standard  way  are  safe  design. 

In  1907  I  publicly  pointed  out,  in  commenting  on  some  tests  that 
seemed  to  show  high  shearing  values  for  concrete,  that  the  high  results 
were  exhibited  only  in  the  case  of  concrete  where  the  tensile  stress  in  the 
same  was  inhibited.  Earlier  than  this  I  pointed  ovit  that  it  is  absolutely 
essential  that  concrete  beams  be  tied  into  the  supports  by  steel  extended 
over  and  anchored  to  these  supports.  I  have  been  ridiculed  and  harshly 
condemned  for  advocating  that  the  web  steel  be  anchored  over  the  supports, 
the  very  thing  that  the  report  before  us  insists  upon,  and  I  call  attention 
to  the  fact  that  this  is  something  brand  new  in  reports. 

Plain  common  sense  and  reason  tell  me  that  if  the  concrete  can  safely 
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take  only  a  portion  of  the  shear  in  any  vertical  section,  and  the  actual 
shear  in  that  section  is  in  excess  of  the  amount  the  concrete  can  safely 
take,  there  niust  be  steel  in  that  section  capable  of  carrying  the  excess 
shear  by  tension  in  that  steel.  If  that  steel  is  inclined  to  the  horizontal, 
the  stress  in  the  steel  will  have  a  vertical  component  which,  in  proper 
designs,  will  equal  the  excess  shear.  Common  sense  and  reason  also  tell 
me  that  that  steel  whose  office  is  to  reinforce  the  web  must  be  integral  with 
the  bottom  reinforcement  of  the  beam  at  mid-span  and  must  be  fully 
anchored  over  the  support.  Now  web  reinforcement  to  meet  this  requirement 
of  common  sense  and  reason  is  precluded  by  this  committee's  report.  They 
do  not  allow  a  flatter  angle  than  30  deg.  with  the  horizontal,  and  the  shape 
of  most  beams  would  demand  the  very  inclinations- that  this  committee 
prohibits. 

I  know  of  one  building  that  was  reinforced  in  accordance  with  this 
committee's  allowance  or  requirements.  The  girder  is  illustrated  in  Fig.  9. 
These  girders  failed  along  the  heavy  lines.  Why?  Because  there  was  no 
diagonal  steel  crossing  these  lines.  Great  open  cracks  appeared  on  these 
lines,  though  the  bottom  of  the  girder  showed  no  cracks  visible  in  a  photo- 
graph.   Plainly  the  girder  was  not  properly  reinforced  for  shear. 

Another  example  of  improper  shear  reinforcement  is  in  the  Edison 
Building.  Details  of  the  girder  reinforcement  can  be  seen  in  the  Journal 
of  the  American  Concrete  Institute,  Aug.,  1915,  pages  662  and  664. 

Fig.  10  shows  how  these  girders  were  reinforced  and  how  one  of  them 
broke. 

A  photograph  of  the  broken  girder  may  be  seen  in  Engineering  News, 
Dec.  17,  1914,  p.  1234.  The  reinforcement  of  this  girder  is  almost  good.  It 
had  bent-up  and  anchored  rods,  but  the  bend  did  not  extend  clear  across  the 
high-shear  zone  of  the  girder,  and  the  break  occurred  in  the  part  of  the 
girder  where  the  diagonal  steel  was  lacking.  Note  that  the  stirrups  were 
distributed  over  this  high  shear  zone,  and  the  break  occurred  in  spite  of 
the  stirrups. 

Another  fault  in  the  reinforcement  of  Fig.  10  is  that  the  steel  that 
was  bent  up  did  not  reach  the  top  of  the  girder  at  the  support. 

In  contrast  with  this  girder  I  refer  to  a  beam,  the  detail  of  whose 
reinforcement  is  shown  on  page  662  in  the  Journal  of  the  American  Con- 
crete Institute.  This  beam  is  reinforced  for  shear  with  rods  bent  up  with 
a  long  sweep,  as  I  have  recommended.  On  page  649  there  are  photographs 
of  some  of  these  beams  that  stood  up  remarkably  well.  With  the  rods 
burnt  apart  the  beams  did  not  drop,  and  the  load  is  carried  by  cantilever 
action  from  the  supports. 

As  illustrating  the  method  of  shear  reinforcement  here  recommended, 
assume  a  beam  as  per  sketch  in  Fig.  1 1  with  a  total  uniform  load  of 
48,000  lb.  The  bending  moment  is  48,000  X  1618  =  96,000  ft.  lb.  The  depth 
from  centroid  of  compression  to  steel  is  18  in.  and  the  steel  stress  is  then 
96,000  Xl2-h  18  —  64,000  lb.  The  steel  area  required  is  4  sq.  in.,  which 
may  be  made  of  four  1-in.  square  rods.  If  two  of  these  rods  be  bent  up  at 
the  quarter  point,  as  indicated  in  the  figure,  some  of  the  shear  will  go 
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through  these  rods.  If  we  allow  the  concrete  beam  to  take  a  share  of  the 
end  shear  at  50  lb.  per  sq.  in.  (and  the  writer  believes  in  taking  the  full 
area  of  the  rectangle  regardless  of  where  the  steel  is  located),  we  can 
deduct  from  the  end  shear  of  the  beam,  which  is  24,000  lb.,  the  amount 
taken  by  the  concrete,  or  12  x  22  x  50  =  13,200  lb.    This  leaves  10,800  lb. 
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to  be  taken  by  the  bent-up  steel  rods.  If  we  multiply  this  shear  by  the 
secant  of  the  angle  of  inclination  of  the  rod  with  the  vertical  (in  exactly 
the  same  way  as  in  the  resolution  of  forces  in  any  other  engineering  work ) , 
we  shall  have  the  stress  in  the  rods.  The  shear  is  thus  resolved  into  two 
components,  one  in  a  horizontal  direction,  to  be  taken  in  compression  by 
the  concrete  of  the  beam  and  the  other  in  the  direction  of  the  inclined  rods, 
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to  be  taken  by  the  tension  in  those  rods.  The  latter  stress  is 
10,800  X  51-26  -f-  18  =  30,760.  If  two  1-in.  sq.  rods  are  bent  up  this  will 
give  an  area  of  2  sq.  in.  and  a  stress  of  15,380  lb.  per  sq.  in. 

Given  a  girder  as  in  Fig.  12.  The  moment  on  this  girder,  using  8/10  of 
the  simple  beam  moment  on  account  of  continuity,  is  259,900  ft.  lb.  The  depth 
from  centroid  of  compression  to  steel  is  26.4-in.  Steel  stress  is  then  118,100 
lb.  Area  reqd.  7.4  sq.  in.  Use  four  1^4  in.  round  rods  =  4.91  and  two 
1%-in.  round  rods  =z  2.97,  total  7.88  sq.  in.  The  shear  next  to  the  support 
is  50,500  +  5000  z=  55,500  lb.  Allowing  32  X  18  X  50  or  28,800  lb.  on  the 
concrete,  this  leaves  26,700  lb.  to  be  taken  by  the  bent-up  rods. 
26,700  X  76.55  -f-  26  =  78,600  lb.,  the  stress  in  the  rods.  If  the  four  1*4 -in. 
round  rods  be  bent  up,  the  area  is  4.91  sq.  in.  and  the  stress  is  16,000  lb. 
per  sq.  in. 

In  the  case  of  a  flat  slab  the  maximum  punching  shear  is  in  a  cylinder 
around  the  column  head.  Hence  the  reinforcing  rods  across  the  column 
head  should  begin  to  dip  at  the  circumference  of  the  column  head,  if  the 
unit  shear  here  exceeds  50  lb.  per  sq.  in.,  so  that  there  will  be  diagonal  steel 
in  any  section  where  the  punching  shear  is  in  excess  of  this  limit.  The 
intensity  of  punching  shear  diminishes  rapidly  around  the  column  head 
because  of  the  increase  in  the  section  in  shear  and  the  decrease  in  the 
load  carried.  It  is  not  proper,  in  a  slab  where  shear  reinforcement  is  needed, 
to  make  the  bend  in  rods  at  the  point  of  inflection  in  the  slab,  for  this  is 
not  the  section  of  maximum  shear.  Given  a  slab  of  20  ft.  square  bays, 
designed  for  a  total  load  of  400  lb.  per  sq.  ft.,  slab  thickness  11  in.,  column 
head  4.5  ft.  in  diameter,  reinforcement  for  negative  moment  over  column 
heads  nine  1-in.  sq.  rods  in  each  of  four  directions.  The  punching  shear 
around  the  column  head  is  82  lb.  per  sq.  in.  In  a  circle  7  ft.  in  diameter 
around  the  column  the  punching  shear  is  50  lb.  per  sq.  in.  But  there  are 
two  reasons  why  the  rods  should  not  be  brought  down  to  the  bottom  of  the 
slab  in  the  15  in.  between  these  two  circles.  The  first  is  because  the  rods 
are  needed  for  tension  in  the  upper  part  of  the  slab  beyond  this  seven-foot 
circle,  and  the  second  is  that  they  are  not  needed  in  the  bottom  of  the 
slab  within  the  circle  of  points  of  inflection  of  the  slab.  The  reason  why 
they  need  not  be  given  even  as  steep  an  inclination  as  would  result  in 
dropping  them  to  the  bottom  of  the  slab  in  15  in.  is  because  it  will  be 
found  that  there  is  ample  steel  to  take  the  tension  even  at  the  flat  slope 
indicated  in  Fig.  13.  The  fact  seems  to  be  lost  sight  of  that  steel  rods 
can  support  loads  by  a  suspension  system  as  well  as  through  the  medium 
of  bending  moments. 

The  foregoing  illustrations  are  given  to  show  just  how  I  would  take 
care  of  shear  or  diagonal  tension.  This  is  an  answer  to  those  who  have 
been  so  severely  criticising  me  because  I  do  not  go  into  these  details.  My 
dissenting  note  in  the  Joint  Committee  Report  is  just  as  definite  as  any 
example  in  bridge  stresses.  The  analysis  is  just  as  simple  and  exact  as  any 
problem  in  the  resolution  of  stresses.  This  is  infinitely  more  than  can  be 
said  of  any  analysis  of  the  stresses  in  stirrups  ever  attempted. 
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A  striking  difference  between  the  efficiency  of  bent-up  rods,  such  as  I 
recommended,  and  the  inefficiency  of  stirrups  is  seen  in  a  beam  in  the 
Edison  Building.  The  beam  referred  to  was  reinforced  somewhat  similar 
to  that  of  my  Fig.  11,  but  the  rod  was  bent  up  half-way  between  the  sup- 
port and  the  first  concentrated  load,  instead  of  being  bent  up  at  the  con- 
centrated load. 

Also  there  were  stirrups  all  the  way  from  support  to  concentrated 
load.  The  beam  cracked  apart  with  a  great  open  crack  just  at  the  foot  of 
the  bent  rod.  The  portion  containing  the  inclined  part  of  the  rod  held 
together,  but  the  portion  containing  the  horizontal  rod  and  the  stirrups — 
that  is,  the  part  that  this  proposed  standard  attributes  double  value  to — 
failed.  (See  Engineering  News,  Dec.  17,  1914,  p.  1235,  and  "Journal," 
American  Concrete  Institute,  Aug.,  1915,  pp.  662-664.)  This  is  most 
significant,  and  I  have  failed  to  find  an  engineer  anywhere  who  is  willing 
to  discuss  the  relative  merits  of  stirrups  and  bent-up  main  rods. 

Mr.  I.  Oesterbloom  (by  letter). — The  writer  has  read  with  very  great 
interest  the  report  of  the  Special  Committee  on  Unit  Values  for  Vertical 
Shear  in  Reinforced-Concrete  Design.  The  question  is  by  no  means  a  simple 
one,  the  best  proof  of  which  is  the  great  amount  of  experimental  work 
which  has  been  done  for  years  and  which  still  leaves  a  doubt  as  regards  the 
interpretation  of  the  results. 

Permit  me  to  inquire  in  connection  herewith  if  the  fear  that  sufficient 
anchorage  may  not  be  provided  has  not  been  overstated.  It  would  appear 
to  the  writer  that  for  each  increment  of  tensile  stress  in  the  bar  between 
two  closely  adjacent  intersecting  planes  there  should  be  provided  an 
adequate  bond  strength  between  the  same  planes. 

Near  the  center  of  any  beam  naturally  this  would  offer  no  difficulty, 
but  the  problem  may  be  a  serious  one  near  the  supports,  and  this  particu- 
larly so  if  the  bar  for  the  design  has  been  selected  too  heavy  in  proportion 
to  the  span.  Assuming  now  that  an  error  in  the  selection  of  size  is  thought 
to  be  safeguarded  by  means  of  a  special  anchorage  provided  at  or  beyond 
the  supports,  the  question  may  well  be  raised  whether  this  would  prevent 
the  construction  from  failure. 

Is  it  not  to  be  expected  that  the  bar  may  fail  in  bond  at  the  support 
and  subsequently  to  an  initial  failure  further  from  the  support,  pro- 
gressively, while  the  anchorage  were  quite  sufficient  to  provide  for  the  full 
tensile  stress  of  the  bar?  But  if  such  failures  appear  and  develop  under 
progressive  loading  the  results  would  not  be  a  reinforced-concrete  structure, 
but  two  independent  elements,  one  in  compression  acting  as  an  arch  and 
the  other  in  tension,  co-operating  by  means  of  the  two  anchorages  so  as  to 
carry  a  certain  amount  of  loading. 

This,  however,  is  hardly  a  result  to  be  desired;  and  while  anchorages 
might  provide  for  some  sort  of  insurance  against  ultimate  and  rapid 
destruction  which  might  be  disastrous,  it  would  seem  that  the  question 
uf  proper  selection  of  size  should  rather  be  stressed  and  the  design  be  made 
so  that  there  should  be  absolutely  no  question  as  regards  provision  of 
adequate  bonding  strength   for  any  particular  part  of  the  bar,  which  alone 


Discussion  on  Unit  Values  for  Vertical  Shear.     257 

would  justify  the  assumption  and  execution  of  steel-and-concrete  design  in 
combination  to  serve  for  load-carrying  purposes. 

Even  if  we  assumed  that  the  arch  with  a  tension  rod  would  carry  the 
same  load  as  the  reinforced  concrete  originally  designed,  have  we  the 
right  to  assume  likewise  that  the  steel  in  this  manner  separated  from  the 
concrete  will  be  thoroughly  protected  against  corrosion  ? 

The  statement  has  been  made,  and  it  appears  very  reasonable,  that  the 
bond  is  not  merely  a  close  physical  contact,  but  an  alloy  between  certain 
elements  in  the  cement  and  the  steel.  This  intimate  relation  is  destroyed 
by  an  overstressed  bond,  and  no  anchorage  which  may  be  provided  will 
serve  as  a  sufficient  substitute  for  the  intimate  bond  relation  thus  destroyed. 
Or  has  the  committee  experimental  data  to  prove  the  contrary?  If  so,  the 
writer  would  like  to  know. 

If  any  of  the  above  comments  can  find  support  in  experimental  work  it 
might  eventually  lead  to  a  somewhat  different  formulation  as  regards  the 
safeguards  which  should  be  employed.  Possibly  the  question  about  anchor- 
age would  be  put  forward  as  a  question  of  insurance,  and  greater  stress  be 
laid  upon  the  necessity  to  compel  rational  determination  of  the  size  of  the 
bars  required  and  means  whereby  in  commercial  work  same  can  be  done 
without  undue  waste  of  time  and  labor. 

Mr.  A.  R.  Lord  {by  letter). — Mr.  Godfrey  has  appealed  to  me  to 
refrain  from  all  personal  references  in  discussing  this  matter,  and  I  shall 
certainly  endeavor  to  do  so,  but  I  submit  it  is  difficult,  if  not  impossible, 
to  answer  his  discussion  without  bringing  out  facts  that  will  cause  him 
some  personal  discomfort.  The  report  is  based  on  facts  almost  entirely — 
largely  on  data  of  tests  conducted  for  the  express  purpose  of  establishing 
the  proper  limits  for  design.  When  Mr.  Godfrey  states  that  vertical  stir- 
rups do  not  and  cannot  take  tension  in  the  web  of  a  concrete  beam,  and 
that  they  leave  areas  of  concrete  between  the  stirrups  which  are  not 
reinforced,  and  which,  presumably,  would  cause  failure  of  the  beam,  the 
sufficient  answer  is  found  in  the  facts.  The  identical  construction  has  been 
built  and  tested,  and  the  vertical  stirrups  do  carry  tension,  increasing 
regularly  with  the  load  until  the  yield-point  strength  is  reached,  at  which 
time  the  beam  fails  in  diagonal  tension,  due  to  the  overstress  in  the 
vertical  stirrups.  This  is  not  the  exception.  It  is  rather  the  universal 
experience,  and  the  data  have  long  been  a  matter  of  public  record. 

Further,  the  areas  of  "unreinforced  concrete"  between  the  vertical 
stirrups  did  not  fail,  even  though  the  computed  shearing  unit  stress 
exceeded  2000  lb.  per  sq.  in.  in  some  cases,  and  very  commonly  exceeded 
by  two  to  three  times  the  value  of  600  lb.  per  sq.  in.  mentioned  several 
times  in  the  discussion  at  the  convention  as  being  2y2  times  the  maximum 
shearing  unit  stress  permitted  for  2000  lb.  concrete  by  the  report.  The 
facts  are  such  that  I  do  not  feel  justified  in  entering  upon  any  lengthy 
discussion  of  Mr.  Godfrey's  contentions. 

In  the  tests  by  several  authorities,  and  made  over  a  period  of  12 
years,  on  which  data  the  report  is  founded,  only  a  few  beams  have  stirrups 
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"welded  to  the  horizontal  steel,"  and  these  few  show  about  the  same  results 
as  the  vast  majority  in  which  no  welding  was  done. 

The  report  does  allow  the  type  of  reinforcement  advocated  by  Mr. 
Godfrey,  and  such  reinforcement  was  sanctioned  in  the  earliest  draft  of 
this  report.  There  are  peculiar  difficulties  in  drawing  up  regulations  for 
this  type,  and  it  may  easily  be  that  more  liberal  allowances  may  be  safe. 
I  have  personally  felt  that  a  slope  as  flat  as  20°  with  the  horizontal  might 
be  used,  and  there  are  data  to  support  this  view.  The  majority  felt,  how- 
ever, that  the  limit  should  be  placed  at  30°  for  the  present.  There  is  a 
real  question  as  to  the  sufficiency  of  this  type  of  reinforcement  for  the 
portions  of  the  beam  immediately  adjoining  the  support  where  the  shear  is 
greatest  and  where  the  inclined  truss  rods  are  very  considerably  above  the 
neutral  axis.  The  report  sanctions  this  type  of  web  reinforcement,  and  has 
gone  as  far  in  the  matter  of  allowances  and  "detailed  specifications  as  the 
data  and  theory  would  seem  to  establish  as  thoroughly  safe. 

Some  of  his  discussion  would  indicate  that  Mr.  Godfrey  had  not  read 
the  report  with  sufficient  care.  The  report  does  not  permit  the  type  of  web 
reinforcing,  which  was  found  in  tests  to  be  "decidedly  erratic" — far  from 
allowing  double  the  shearing  unit  on  that  type. 


REPORT  OF  COMMITTEE  ON  CONCRETE  ROADS 
AND  PAVEMENTS. 

[This  committee  presented  to  the  Convention  certain  changes  in  the 
Standard  Specifications  for  Concrete  Roads,  Streets  and  Alleys,  but  as  they 
had  never  been  submitted  to  the  membership  they  could  not  be  acted  upon. 
The  committee  also  moved  that  the  Amendments  to  Recommended  Practice 
for  Concrete  Roads  and  Street  Construction,  printed  in  the  Proceedings, 
Vol.  XV,  1919,  p.  405,  be  sent  to  letter  ballot  for  adoption  as  standard. 

By  vote  of  April  17,  1920,  these  Amendments  were  accepted  as  Stand- 
ards of  the  Institute. — Editor.] 
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The  Chair. — We  have  a  number  of  gentlemen  here  today  who  are 
interested  in  the  whole  question  of  concrete  road  construction,  and  it  is  the 
intention  of  the  Program  Committee  to  make  this  an  opportunity  for 
bringing  up  several  matters  of  interest.  We  will  be  glad  to  hear  from 
anyone. 

Mr.  J.  T.  Voshell. — -The  first  matter  I  would  discuss  is  how  best  to 
utilize  classes  of  aggregate  not  hitherto  considered  available  for  concrete 
roadwork.  I  do  not  know  of  any  change  in  the  construction  of  concrete 
roads  that  would  justify  us  now  in  using  aggregates  that  we  have  hitherto 
considered  unsuitable.  Frankly,  I  dislike  to  see  sources  of  material  devel- 
oped that  are  unsuitable.  If  we  once  get  them  on  the  market  they  are  hard 
to  get  off  and  the  engineers  are  simply  in  trouble.  There  are  efforts  being 
made  to  have  them  change  the  specifications,  or  rather  write  the  specifica- 
tions, so  that  these  poor  materials  may  be  used.  I  do  not  believe  we  are 
building  our  concrete  roads  any  better  than  we  ought  to,  and  I  do  not 
believe  we  ought  to  do  anything  that  would  cause  us  to  build  them  any 
poorer  than  we  are  now  doing. 

Another  subject  of  interest  is  the  use  of  reinforcement  versus  thicker 
slabs  to  meet  heavy  traffic  demands.  I  have  been  getting  all  the  informa- 
tion for  the  last  two  years  that  I  can  find  on  reinforcing  concrete  roads, 
and  I  find  that  it  is  about  "fifty-fifty";  that  is,  about  50%  of  the  people 
who  have  used  it  say  that  they  do  not  see  that  it  does  any  good,  and  about 
50%  think  that  it  is  a  success.  I  might  say,  however,  that  the  reinforcing 
that  has  been  used  heretofore  has  been  such  small  amounts  that  it  could 
hardly  be  said  to  be  a  reinforcement  for  strength.  About  all  that  is  done 
is  simply  to  keep  the  cracks  from  opening  up  wider  than  they  might  other- 
wise have  done  had  the  reinforcing  not  been  placed. 

There  is  lack  of  information  as  to  where  we  should  put  the  reinforce- 
ment if  we  should  attempt  to  reinforce  for  strength.  There  seems  to  be 
about  as  much  argument  in  placing  it  2  in.  from  the  bottom  as  there  is 
in  placing  it,  say,  2  in.  from  the  top.  Probably  the  only  sure  way  we 
could  do  would  be  to  put  in  double  the  amount  of  reinforcing,  and  put  it 
in  both  the  bottom  and  the  top  of  the  slab. 

There  is  another  thing  to  consider — that  is,  that  impact  may  be  one 
of  the  greatest  causes  of  the  breaking  down  of  concrete  roads.  If  this  is 
so,  reinforcement  may  not  be  of  as  great  value  in  preventing  that  as 
would  be  increasing  the  thickness  of  the  slab. 

A  third  matter  is  the  practical  application  of  the  dryer  mixture 
requirements  to  actual  construction  and  practice.  It  certainly  has  been 
true  that  a  great  many  jobs  of  concrete  roads  were  laid  with  the  mixture 
too  wet;  that  is,  it  was  absolutely  soupy;  it  would  run  like  water  almost, 
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There  never  was  any  reason  for  that,  and  there  is  not  any  reason  now. 
There  is  a  limit,  of  course,  as  to  the  dryness  of  the  mix.  I  do  not  know 
how  to  describe  that  limit,  but  I  will  say  that  the  concrete  which  in  put- 
ting in  structures  we  consider  is  dry  concrete  is  too  dry  in  general  for  con- 
crete roadwork.  It  must  be  plastic  and  readily  moved  about  in  order  that 
we  may  secure  satisfactory  finish. 

Mb.  A.  T.  Goldbeck. — It  may  be  of  some  interest  to  introduce  at  this 
time  some  information  on  the  design  of  concrete  roads.  We  know  that  in 
the  past  roads  have  not  been  designed — that  is,  they  have  simply 
been  built  of  a  thickness  which  has  been  agreed  upon,  and  we  do  not 
know  exactly  why  we  made  the  roads  of  that  thickness.  In  the  design  of 
any  structure  we  must  first  know  the  forces  that  are  exerted  on  the 
structure,  and  at  the  Bureau  of  Public  Roads  we  are  now  making  an  effort 
to  determine  something  of  the  amount  of  force  being  exerted  on  concrete 
roads,  and  also  something  regarding  the  supporting  value  of  the  sub- 
grades. 

We  have  made  static  load  tests  on  a  concrete  road  in  which  we  have 
measured  the  distribution  of  pressure  between  the  sub-grade  and  the  road 
by  means  of  a  pressure-gage  instrument,  and  in  that  way  we  have  deter- 
mined what  that  distribution  is.  We  have  gone  further  and  calculated 
the  tensile  stress  existing  under  the  load.  We  find  that  tensile  stress  to  be 
quite  small  when  the  slab  is  adequately  supported  on  the  subgrade,  and 
the  indications  are  that  the  concrete  slab  could  certainly  not  fail  under 
static  loads — that  is,  under  the  static  load  such  as  we  get  today,  even 
taking  into  consideration  the  very  heaviest  trucks.  That  leads  us  to  the 
idea  that  impact  is  the  all-governing  factor,  not  in  the  cracking  of  con- 
crete roads,  because  we  all  realize  that  other  forces  than  the  mere  force 
of  traffic  cracks  concrete  roads,  but  impact  is  the  thing  that  certainly 
shatters  the  concrete  roads  when  they  are  shattered. 

We  have  conducted  a  number  of  tests,  using  trucks  of  different  size, 
in  order  to  determine  something  of  the  amount  of  impact  exerted  on 
concrete  roads,  and  it  is  rather  surprising  to  find  out  just  how  much  this 
impact  can  be.  For  instance,  say  you  have  a  heavy  truck,  a  three-ton  army 
truck,  which  is  very  often  a  five-ton  truck,  and  that  truck  has  a  total 
weight  on  one  rear  wheel  of  7,500  lb.  when  the  truck  is  loaded  with  five 
tons.  When  one  rear  wheel  of  that  trucks  falls  through  a  height  of  %  in. 
the  impact  on  the  road  may  be  as  high  as  20,000  lb.;  that  is,  the  impact 
pressure  produced  may  be  as  high  as  20,000  lb.,  almost  three  times  as  much 
as  the  static  load  pressure.  If  the  truck  falls  through  a  height  of  3  in., 
which  would,  of  course,  mean  an  exceedingly  bad  road,  you  may  get  an 
impact  pressure  as  high  as  43,000  lb. 

We  have  gone  further  than  that,  and  constructed  a  number  of  concrete 
slabs  of  different  thicknesses,  varying  from  2  up  to  10  in.,  laid  directly  on 
the  subgrade,  and  we  have  constructed  a  machine  which  is  designed  to 
resemble  the  impact  condition  existing  on  the  rear  wheel  of  a  heavy 
truck.     The  machine  consists  of  an  unsprung  weight,  on  top  of  which  is 
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supported  a  spring  weight.  The  idea  would  be  to  exert  impact  on  these 
slabs,  repeated  impact,  until  the  slabs  fail.  In  that  way  we  will  be  able 
to  determine  something  of  the  impact  resistance  of  slabs  of  different  thick- 
nesses, and  we  hope  to  be  able  to  determine  something  of  the  load-carrying 
capacity  of  slabs  of  different  thicknesses  when  laid  on  different  kinds  of 
subgrade. 

We  have  varied  the  subgrade.  In  one  case  the  subgrade  is  purposely 
kept  very  moist  and  the  bearing  power  low;  in  another  case  the  subgrade 
is  purposely  kept  dry,  to  keep  the  bearing  power  high.  We  hope  when  we 
get  through  with  the  investigations  that  we  will  be  able  to  say,  with  some 
degree  of  definiteness,  just  what  thickness  of  slab  will  be  suitable  for 
carrying  heavy  truck  loads  on  subgrades  of  different  kinds.  We  must 
not  forget  that  we  have,  throughout  the  country,  subgrades  of  different 
bearing  power  which  will  call  for  different  thicknesses  of  slabs  best  suited 
to  support  the  same  loads. 

Mr.  K.  H.  Talbot. — I  would  like  to  bring  out  another  possibility,  and 
that  is  to  obtain,  during  the  next  year  or  so,  some  actual  field  specimens 
cut  out  of  roads  built  under  the  usual  conditions  in  the  slabs.  I  have  felt 
for  a  long  time  that  concrete  pavement  is  subjected  to  moisture  on  three 
sides,  and  as  a  result  the  strengths  are  quite  a  good  deal  higher  than  they 
are  on  laboratory  specimens.  I  understand  that  such  work  is  being  done 
by  the  State  of  Pennsylvania  at  the  present  time.  It  seems  to  me  that  that, 
in  conjunction  with  the  work  on  design,  is  going  to  help  a  great  deal  in 
knowing  what  quality  of  concrete  we  are  getting. 

I  have  also  felt  that  there  is  a  point  where  it  is  desirable  to  increase 
the  cement  rather  than  cut  down  the  water.  The  question  of  labor  versus 
material  cost  is  just  as  acute  in  road  construction  as  it  is  in  building 
construction,  and  if,  by  slight  increase  in  cement,  we  can  use  a  more  fluid 
material  which  we  can  place  at  a  cheaper  cost  we  are  in  better  shape.  I  am 
reminded  of  two  States;  one  used  a  1  :  iy2  :3  mix;  the  other  a  1  :  1  :  3% 
mix,  and  one  got  its  work  done  at  practically  the  same  cost  as  the  other. 
The  first  State  guaranteed  the  quality  of  road  by  cement;  the  other  by 
work.  In  other  words,  the  contractor  in  the  second  State  found  it  neces- 
sary to  increase  his  bid  by  some  thousand  or  fifteen  hundred  dollars  because 
he  did  not  know  just  what  his  labor  costs  were  going  to  be  under  the 
conditions  that  were  in  existence. 

Mr.  W.  A.  Collinos. — I  should  like  to  ask  Mr.  Talbot  if  he  cannot 
tell  us,  in  view  of  the  fact  that  a  number  of  States  are  specifying  in  their 
roadwork  more  reinforcing  and  no  concrete  roads  without  reinforcing, 
what  was  the  purpose  in  discontinuing  those  recommendations? 

Mr.  K.  H.  Talbot. — The  purpose  in  discontinuing  reinforcement  recom- 
mendations was  the  fact  that  it  is  impossible  to  write  any  specifications 
showing  a  cross-section  area  of  steel  of  a  certain  minimum  weight  to  fit 
local  conditions.  The  recommendation  was  not  struck  out,  but  the  state- 
ment was  made  that  where  reinforcement  was  called  for  it  should  be 
placed  in  accordance  with  the  plans  and  in  the  amount  specified.     The  com- 
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mittee  did  not  feel  in  position  to  recommend  either  the  retaining  of  the 
present  amount  or  adopting  a  greater  amount,  because  none  of  the  mem- 
bers of  the  committee  had  been  able,  in  their  own  minds,  definitely  to 
determine  the  relative  efficiency  of  the  amount  which  we  specified  as  against 
a  little  more  or  a  little  less.  We  felt  it  desirable  to  leave  that  to  the 
individual  engineer  who  knew  his  local  conditions  and  for  what  he  was 
reinforcing.  The  reinforcement  in  the  past  has  been  in  a  blind  way  and  not 
a  structural  reinforcement. 

Mb.  S.  P.  Abnisby. — Mr.  Talbot  has  brought  up  the  question  of  the 
desirability  of  having  concrete  for  roadwork  more  fluid,  and  suggests  a 
way  to  accomplish  that.  I  would  like  to  call  the  attention  of  the  Institute 
to  the  growing  use  of  a  material  which  has  not  been  much  discussed  in 
these  committee  reports.  You  are  all  aware  of  the  fact  that  the  use 
of  hydrated  lime  in  concrete  mixtures  has  increased  during  the  past  few 
years  at  a  great  rate.  The  advantages  or  disadvantages  of  it  have  not 
heen  fully  determined,  either  by  laboratory  tests  or  field  tests.  There  is 
considerable  field  evidence,  however,  available,  and  practically  all  the  field 
reports  indicate  that  greater  ease  of  placing  concrete  can  be  accomplished 
by  tbe  use  of  this  material  without  detriment  to  the  finished  job. 

The  indications  are  that  there  are  certain  advantages  to  be  obtained 
from  the  use  of  hydrated  lime.  We  do  not  know  just  what  the  advantages 
may  be,  but  I  should  like  to  see  the  American  Concrete  Institute  consider 
the  matter  to  the  extent  of  investigating  it  both  in  laboratory  tests  and  in 
field  tests.  I  believe  that  much  of  interest  may  be  ascertained  regarding 
the  advisability  of  using  a  material  which  is  already  growing  in  use  and 
is  of  concern  to  all  of  us. 

Mb.  W.  W.  Hornee. — I  would  like  to  ask  Mr.  Talbot  if  there  was  a 
decided  sentiment  in  the  committee  in  favor  of  reducing  the  proportion  of 
cement  in  road  concrete? 

Mr.  K.  H'.  Talbot. — There  was  not;  there  was  a  decided  sentimeuL 
among  those  members  of  the  committee  who  were  from  New  York  in  try- 
ing to  develop  a  scheme  by  which  the  proportion  of  cement  could  be  varied, 
depending  on  the  aggregate  used.  For  instance,  there  are  many  aggregates 
the  material  of  which  ranges  from  *4  to  3  in.,  and  other  materials,  with 
part  of  that  range  removed,  which  are  now  in  piles  and  not  allowed  to  be 
used.  It  was  thought  that  possibly  some  of  those  materials  might  be 
used  by  a  change  in  the  proportions.  My  understanding  is  that  Prof. 
Abrams  has  prepared  something  on  that.  If  that  thing  can  be  done  so 
that  with  a  variation  of  aggregate,  with  a  change  in  the  size  of  aggregate, 
not  a  change  in  the  quality  of  aggregate,  but  simply  a  change  in  the 
size  of  aggregates,  the  proportion  will  be  changed.  The  State  of  Wis- 
consin is  doing  something  of  the  same  kind.  There  is  a  basis,  however, 
for  the  adoption  of  all  this  1:2:3  mix.  As  far  as  reduction  of  the 
richness  of  concrete  goes,  the  only  tendency  in  that  respect  is  toward  a 
1:2:4  mix  instead  of  a  1  :  2  :  3  mix,  where  aggregates  will  permit  that 
additional  stone.    However,  it  seems  to  be  the  general  consensus  of  opinion 
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that  anything  leaner  than  a  1  :  2  :  2  mix  is  too  lean  to  hold  up  under  the 
very  heavy  traffic  conditions  to  which  our  roads  are  subjected  today. 

Mb.  A.  Foster,  Jr. — May  I  ask  if  the  committee  has  investigated 
means  to  prevent  change  in  elevation  between  adjacent  slabs  due  to  various 
subgrades  ? 

Mr.  K.  H.  Talbot. — That  matter  did  not  come  up  in  the  committee 
report.  The  adoption  of  the  steel  contraction  joints,  at  least  an  inch  below 
the  surface,  was  one  of  the  outcomes  of  a  study  made  some  years  ago  to 
adopt  something  where  the  slabs  would  be  locked  so  that  they  would  not 
climb.  The  other  results  have  been  the  discontinuance  of  all  joints  in  the 
State  of  Illinois  and  several  other  States,  so  that  where  the  concrete  is 
cracked,  due  to  contraction,  it  will  be  locked  and  will  not  raise  one  slab 
over  another.  Where  a  bulkhead  is  put  in  some  people  have  used  bar 
connections,  but  the  result  of  that  is  practically  inch  bars  because  even 
though  you  break  those  bars,  you  do  get  some  cohesion  between  the  cement 
and  the  bars. 

Mr.  C.  R.  Ege. — I  think,  perhaps,  I  might  add  a  word  to  what  Mr. 
Talbot  has  said  in  regard  to  the  selection  of  materials  and  the  possibilities 
in  that  line.  The  intention  which  I  think  the  committee  had  in  mind  was 
not  to  permit  materials  of  a  lower  grade  structurally  to  be  admitted  to 
the  specifications,  but  it  was  to  adjust  the  specifications,  particularly  as 
to  sizes  and  grading,  to  permit  of  materials  which  are  available  in  a  num- 
ber of  localities  throughout  the  cmmtry  to  be  used  for  concrete  pavements. 
There  are  many  parts  of  the  country  where  there  is  not  a  wide  range  of 
selection  in  the  choice  of  materials,  particularly  as  to  the  coarser  aggre- 
gates. There  is  a  situation  of  that  kind,  I  believe,  in  Nebraska,  where  the 
principal  materials  they  have  available  come  from  the  Platte  River  and 
contain  practically  none  of  the  coarser  sizes.  Through  the  study  of  the 
State  Engineer's  office  of  Nebraska  a  proportion  has  been  devised  which 
will  enable  them  to  make  use  of  those  materials  successfully  for  concrete 
pavements,  and  several  jobs  have  been  done  with  the  proportion  that  they 
worked  out,  using  that  material,  none  of  which  I  believe  is  over  %  in.  in 
maximum  size. 

There  are  many  localities  throughout  the  country  that  are  somewhat 
similarly  situated.  There  are  places  where  they  do  not  have  the  coarser 
sands  which  are  available  in  the  Mississippi  Valley  and  throughout  most 
of  the  eastern  sections,  and  some  proportion  must  be.  worked  out  whereby 
those  materials  may  be  utilized  and  concrete  of  the  desired  strength 
secured.  The  work  Prof.  Abrams  is  doing  along  that  line  has  been  men- 
tioned, and  we  hope  very  much  to  have  something  ready  for  announcement 
on  that  subject  within  the  next  few  months. 


REPORT  OF  COMMITTEE  ON  CONCRETE  SEWERS. 

Your  Committee  on  Concrete  Sewers  submits  herewith  specifications 
entitled  "Proposed  Standard  Specifications  for  Monolithic  Concrete  Sewers 
and  Reinforced  Concrete  Pipe  Sewers,  with  Recommended  Rules  for  Con- 
crete Sewer  Design,  Revised  1920.'" 

These  specifications  are  in  revision  of  those  submitted  by  the  committee 
at  the  1919  meeting.  The  committee  has  carefully  considered  the  action  of 
the  1919  meeting  in  regard  to  the  specifications  then  submitted. 

As  instructed  by  the  last  meeting,  the  committee  has,  as  far  as  possible, 
eliminated  the  Avord  "Contractor"  from  these  specifications.  If  this  matter 
had  not  come  as  an  instruction  from  the  meeting,  it  appears  that  the  com- 
mittee should  have  preferred  to  have  retained  the  so-called  contract  clauses, 
as  in  many  cases  they  seem  to  be  almost  integral  parts  of  necessary  specifi- 
cations. The  committee  does  not,  however,  consider  their  inclusion  as  of 
vital  importance,  and  does  not  feel  that  it  is  advisable  to  present  this  point 
for  farther  discussion. 

The  committee  lias  accepted  the  amendments  as  to  speed  of  mixers 
which  were  made  on  the  floor  of  the  1919  meeting,  but  wishes  to  voice  a 
feeling  that  standard  mixer  speeds  can  be  somewhat  slowed  down  with 
resultant  advantage  to  the  product. 

The  committee  does  not  concur  in  the  amendment  from  the  floor  of 
the  1919  meeting  introducing  blast  furnace  slag  as  a  good  coarse  aggregate. 
This  material  is,  however,  included  in  the  accompanying  specifications,  and 
is  to  be  considered  as  having  been  included  by  the  1919  meeting  without 
the  approval  of  the  committee.  In  taking  this  action,  the  committee  wishes 
to  make  clear  that  it  has  no  data  on  which  to  approve  or  disapprove  of  this 
material  in  sewer  construction. 

In  the  matter  of  quality  of  crushed  stone  aggregate,  the  committee 
has  decided  to  substitute  a  French  coefficient  of  wear  of  8  for  the  coefficient 
of  hardness  of  16  formerly  recommended.  It  does  not  feel  that  this  will 
materially  change  the  character  of  stone  permitted,  but  the  change  is  made 
in  order  to  eliminate  the  recollection  of  the  discussion  on  the  floor  of  the 
1919  meeting,  in  which  many  of  the  members  apparently  mistook  the  coeffi- 
cient of  hardness  for  the  French  coefficient  of  wear.  The  committee  wishes 
to  call  attention  that  all  of  'the  discussion  on  this  point  at  the  last  meeting 
was  apparently  based  on  this  error,  and  cannot  therefore  be  considered. 

The  French  coefficient  of  wear  is  fully  described  in  bulletins  347  and 
370  of  the  United  States  Department  of  Agriculture,  and  the  test  on  which 
it  is  based  has  been  standardized  by  the  American  Society  for  Testing 
Materials.     The  probable  results  of  the  limiting  of  the  coefficient  of  wear, 
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to  not  less  than  8,  can  be  fairly  judged  as  regards  the  stone  from  any 
particular  locality  by  an  inspection  of  the  tests  given  in  bulletin  370  above 
referred  to. 

Other  minor  changes  have  been  made  in  the  line  of  suggestions  offered 
at  the  last  meeting. 

The  committee  recommends  the  presentation  of  these  specification  as 
a  new  standard  of  the  Institute*. 

Respectfully  submitted, 

W.  W.  Horner  ( Chairman ) , 

Arthur  S.  Bent, 

Alfred  H.  Hartman, 

W.  S.  Lea, 

Frank  A.  Marston, 

Langdon  Pearse, 

Coleman  Meriwether, 

W.  R.  Harris, 

A.  J.  R.  Cltrtls, 

W.  K.  Hatt. 


*The  specification  was  submitted  to  letter  ballot  and  adopted  as  standard,  April  17,  1920. 
It  is  printed  beginning  on  the  next  succeeding  page. — Editor. 


AMERICAN  CONCRETE  INSTITUTE 
STANDARD  SPECIFICATIONS  NO.  24 

STANDARD    SPECIFICATIONS    FOR    MONOLITHIC    CONCRETE 
SEWERS  AND  REINFORCED-CONCRETE  PIPE  SEWERS 

AND 
RECOMMENDED    RULES    FOR    CONCRETE    SEWER   DESIGN,* 

Part  I. — Materials. 

Cement. 

Section  1.  All  cement  shall  conform  to  the  current  specifications  for 
Portland  cement  of  the  American  Society  for  Testing  Materials,  and  shall 
be  tested  iii  accordance  with  the  methods  of  testing  described  in  the  specifi- 
cations of  that  Society. 

Fine  Aggregate. 

Section  2.  Fine  aggregate  shall  consist  of  sand  graded  from,  fine  to 
coarse  and  passing  when  dry  a  screen  having  holes  one-quarter  inch  in 
diameter.  It  shall  be  clean,  coarse,  free  from  dirt,  vegetable  loam  or  other 
deleterious  matter.  Not  more  than  (>  per  cent  shall  pass  a  sieve  having 
one  hundred  meshes  per  lineal  inchf. 

Section  S.  Fine  aggregate  shall  be  of  such  quality  that  mortars  com- 
posed of  the  proportions  of  cement  and  fine  aggregate  hereinafter  specified 
for  the  various  classes  of  concrete  shall  show  a  compressive  strength  after 
fourteen  (14)  days  at  least  equal  to  the  strength  of  mortar  made  of 
Portland  cement  and  standard  Ottawa  sand  in  corresponding  jjroportions 
and  of  the  same  consistency^. 

Coarse  Aggregate. 
Section  Jf.  The  coarse  aggregate  shall  consist  of  crushed  stone,  gravel 
or  blast  furnace  slag  which  is  retained  on  a  screen  having  14  in.  diameter 
holes  and  graded  from  the  smallest  to  the  largest  particles.  It  shall  be 
clean,  hard,  durable,  free  from  all  deleterious  matter  and  soft,  flat  or 
elongated   particles.      Crusher   dust   in    sufficient   quantity   to   weaken    the 


*  Adopted  by  letter  ballot  of  the  Institute,  April  17,  1920. 

t  Crushed  stone  screenings  may  be  permitted  for  use  as  fine  aggreagte  provided  that 
they  shall  comply  with  all  the  specifications  of  Sections  2  and  3,  and  further  that  they  shall 
be  produced  from  stone  having  a  French  coefficient  of  wear  of  not  less  than  8,  as  described 
in  Bulletins  No.  347  and  No.  370  of  United  States  Department  of  Agriculture. 

X  It  is'  recommended  that,  if  possible,  available  fine  aggregates  be  tested  before  awarding 
contracts.  If  it  appears  necessary  to  use  an  aggregate  of  poorer  quality  tlian  above  specified 
the  proportion  of  cement  in  the  various  classes  of  concrete  should  be  increased  in  order  that 
the  strength  of  the  mortar  actually  used  shall  not  be  less  than  that  with  the  Ottawa  sand. 
If,  however,  the  strength  of  the  resulting  mortars  is  less  than  70  per  ceut  of  those  with  Ottawa 
sand,  fine  aggregate  should  be  rejected  entirely. 
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concrete  will  not  be  permitted.  For  reinforced-concrete  arches  or  for  plain 
concrete  arches  less  than  6  in.  in  thickness,  the  maximum  size  of  particles 
shall  be  such  as  will  pass  a  screen  having  1  in.  diameter  holes.  For  inverts 
and  plain  concrete  arches  over  6  in.  in  thickness,  the  maximum  size  of 
particles  shall  be  such  as  will  pass  a  screen  having  l1/*  in.  diameter  holes. 

Section  5.  Where  crushed  stone  is  used  it  shall  have  a  French  coeffi- 
cient of  wear  of  not  less  than  8,  as  described  in  bulletins  No.  347  and  370 
of  United  States  Department  of  Agriculture. 

(The  above  paragraph  is  for  use  in  locations  where  limestone  or  sand- 
stone of  a  questionable  value  are  common.    If  all  available  stone  is  suitable, 
the  paragraph  may  be  omitted.) 
Aggregate,  Section  6.    Samples  of  not  less  than  y2  cu.  ft.  of  fine  aggregate  and  not 

less  than  one  cubic  foot  of  coarse  aggregate  shall  be  delivered  in  suitable 
boxes  or  containers.  All  samples  shall  be  plainly  labeled  with  the  places 
where  taken,  where  to  be  used,  the  date,  and  the  name  of  the  collector. 

Section  7  For  the  purpose  of  determining  proportions  of  materials  for 
concrete,  each  bag  of  cement  containing  94  lb.  shall  be  considered  as  con- 
taining one  cubic  foot.  Sand  and  coarse  aggregate  shall  be  measured  loose 
in  approved  boxes  or  hoppers. 

Water. 
Section  8.    Water  used  for  concrete  shall  be  free  from  oil,  acid,  alkalies, 
or  organic  matter. 

Concrete  Reinforcement  Bars. 

Section  9.  All  steel  reinforcement  shall  consist  of  cold  drawn  steel 
wire  fabric  having  an  elastic  limit  of  not  less  than  55,000  lb.  per  sq.  in. ; 
or  of  expanded  metal  having  an  elastic  limit  of  not  less  than  55,000  lb.  per 
sq.  in.,  and  expanded  cold  from  steel  sheets;    or  of  reinforcing  bars. 

9.1.  Steel  bars  for  reinforced-concrete  sewers  shall  conform  to  the 
current  specifications  of  the  American  Society  for  Testing  Materials  for 
(A)  Billet  Steel  or  (B)  Rail  Steel,  except  that  rail  steel  bars  may  be  used 
in  sizes  of  1  in.  and  under  only,  and  hot  twisted  bars  will  not  be  permitted. 

Section  10.    Dimensions  of  bars  given  on  the  plans  are  based  on  square 

sections.     The  net  area  and  weights  of  bars  shall  not  be  less  than  95  per 

cent  of  the  values  for  square  bars  as  indicated.     In  computing  the  weights 

of  steel,  one  cubic  inch  of  steel  shall  be  regarded  as  0.283  lb. 

Section  11.    The  quantity  of  metal  to  be  paid  for  shall  be  the  number 
Measurement  and  ^  J  ,        ,         •  j        •.       re- 

payment, of  pounds  actually  placed,  as  shown  on  the  drawings  or  as  ordered.     It 

shall  not  include  any  waste  metal  due  either  to  the  nature  of  the  construc- 
tion or  to  the  fact  that  the  lengths  supplied  are  too  long  or  too  short  for 
their  purpose. 

The  quantity  paid  for  shall,  however,  include  extra  metal  in  laps, 
where  authorized,  due  to  the  fact  that  a  single  bar  would  be  unreasonably 
long. 
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All  bars  shall  be  of  the  length  ordered  and  shall  be  in  one  piece  where 
required  up  to  30  ft.  in  length. 

The  compensations  shall  cover  the  cost  of  furnishing  and  delivering 
metal,  including  any  royalty,  the  cutting,  bending,  placing,  fastening  in 
position,  coating  with  cement  and  all  other  work  and  materials  connected 
therewith. 

Castings. 

Section  12.     Circular  cast  iron  frames   and  covers   for  manholes  and  Description. 
catch  basins  and  any  other  iron  castings  shown  on  the  drawings,  or  speci- 
fied herein,  necessary  to  complete  the  work,  shall  be  furnished  and  placed. 

Section  13.    All  castings  shall  be  of  tough,  close-grained  gray  iron,  free  cast  Iron. 
from  blow-holes,  shrinkage,  and  cold-shuts.     They  shall  be  sound,  smooth, 
clean,  and  free  from  blisters  and  all  defects. 

Section  Uf.     All  castings  shall  be  made  accurately  to  dimensions  to  be  Workmanship, 
furnished  and  shall  be  planed  where  marked  or  where  otherwise  necessary 
to  secure  perfectly  flat  and  true  surfaces.    Allowances  shall  be  made  in  the 
patterns  so  that  the  thickness  shall  not  be  reduced.     Manhole  covers  shall 
be  true  and  shall  seat  at  all  points. 

Section  15.    All  castings  shall  be  thoroughly  cleaned  and  painted  before  Cleaning  and 
rusting  begins,  and  before  leaving  the  shop,  with  two  coats  of  high-grade     &m 
asphaltum  or  other  suitable  varnish  that  the  engineer  may  direct.     After 
the  castings  have  been  placed  in  a  satisfactory  manner,  all  foreign  adhering 
substances  shall  be  removed  and  the  castings  given  two  additional  coats  of 
asphaltum  or  other  varnish  as  directed  by  the  engineer. 

Section  16.  No  casting  shall  be  accepted  the  weight  of  which  shall  be 
less  than  that  computed  to  its  dimensions  by  more  than  five  per  cent. 

Material  for  Lining  Inverts. 

Section  11.  All  vitrified  brick  shall  be  uniform  in  size,  and  be  not- 
less  than  8  in.  by  4  in.  by  2  in.,  nor  more  than  10  in.  by  4^  in.  by  2%  in- 
in  length,  width  or  thickness,  respectively.  The  brick  shall  be  free  from 
lime  or  other  impurities,  uniformly  vitrified  and  annealed,  and  shall  have 
one  edge  face  such  that  if  the  brick  is  laid  on  a  horizontal  plane  on  that 
face  no  portion  thereof  shall  be  more  than  %  in.  from  the  plane. 

Section  18.  Concrete  block  for  sewer  lining  shall  be  uniform  in  size, 
not  more  than  18  in.  by  12  in.  in  surface  area  and  not  less  than  3  in.  in 
thickness.  They  shall  be  made  of  Class  "A"  or  better  concrete,  as  herein- 
after specified,  in  satisfactory  molds,  and  thoroughly  cured.  They  shall 
have  an  ultimate  compressive  strength  at  28  days  of  not  less  than  2000  lb. 
per  sq.  in. 

Section  19.  Tile  liners  for  inverts  shall  not  be  more  than  8  in.  by  12 
in.  in  surface  area,  and  not  less  than  2  in.  in  thickness.  The  back  of  the 
tile  shall  be  roughened  and  equipped  with  lugs  or  projections  for  bedding 
in  mortar.  They  shall  be  manufactured  under  the  general  requirements 
covering  vitrified  sewer  pipe  and  shall  comply  with  the  standard  tests  of 
the  American  Society  for  Testing  Materials  for  clay  sewer  pipe  in  so  far  as 
applicable. 
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Part  II — Concrete  for  Monolithic  Concrete  Sewers. 
Section  20.     Concrete  shall  consist  of  a  mixture  of  cement,  fine  and 
coarse  aggregate  and  water  of  the  qualities  hereinbefore  specified. 
Concrete  shall  be  of  three  classes,  proportioned  as  follows: 


Class. 

Cement. 

Fine  Aggregate, 
cu.  ft. 

Coarse  Aggregate, 
cu.  ft. 

A 

1  sack 
1    " 
1    " 

2 
3 

4 

B 

5 

C 

6 

Mixing. 


Rubble  or  Stone 
in  Concrete. 


The  relative  proportions  of  fine  and  coarse  aggregates  may  be  modified 
at  the  direction  of  the  engineer,  provided  that  the  proportions  of  cement  to 
the  total  of  the  aggregates  measured  separately  shall  not  be  changed. 

Section  21.  Concrete  shall  be  machine  mixed.  The  concrete  mixer 
shall  be  designed  to  take  one  completed  batch  of  materials  (using  whole 
bags  of  cement)  and  to  mix  that  batch  thoroughly  before  any  portion  of 
it  is  withdrawn  or  any  portion  of  the  succeeding  batch  is  introduced.  The 
mixer  shall  be  equipped  with  a  tank  so  designed  that  when  once  set  it  will 
automatically  supply  to  the  mixer  the  amount  of  water  so  determined.  The 
mixer  shall  be  equipped  with  an  instrument  for  measuring  the  time  of  mix. 

Section  22.  Concrete  shall  be  mixed  at  least  one  minute  after  all  the 
ingredients,  including  water,  have  been  discharged  into  the  mixer.  Where 
the  character  of  the  work  will  permit,  concrete  shall  be  mixed  in  batches 
of  one-half  to  one  cubic  yard  and  the  mixer  speed  shall  not  be  less  than  12 
nor  more  than  19  revolutions  per  minute.  Where  small  mixers  are  used, 
the  speed  shall  not  exceed  22  revolutions  per  minute. 

Section  23.  No  concrete  shall  be  hand-mixed  except  relatively  small 
quantities,  and  then  only  by  special  permission  of  the  engineer. 

Section  2Jf.  Where  concrete  is  mixed  by  hand,  the  cement  and  fine 
aggregate  shall  be  mixed  dry  on  a  properly  constructed  wooden  or  steel 
platform  built  for  the  purpose  until  it  shall  have  obtained  an  even  and 
uniform  color  throughout.  This  mixture  shall  then  be  spread  to  make  a 
bed  of  uniform  thickness,  on  which  shall  be  spread  the  coarse  aggregate  and 
the  whole  wet  with  the  required  amount  of  water  and  turned  with  square- 
pointed  shovels  at  least  three  times  or  until  a  uniform  mixture  is  secured, 
water  being  added  from  time  to  time,  if  necessary. 

Section  25.  In  all  plain  concrete,  where  the  thickness  is  15  in.  or  more, 
there  may  be  embedded  broken  pieces  of  sound  stone,  the  greatest  dimension 
of  which  does  not  exceed  6  in.,  and  the  least  dimension  of  which  is  not  less 
than  three-quarters  of  the  greatest  dimension.  These  stones  shall  be  set 
in  the  concrete  as  layers  are  being  rammed,  in  a  satisfactory  manner,  and 
so  placed  that  each  stone  is  completely  and  perfectly  embedded.  In  general, 
there  shall  be  a  space  of  4  in.  between  the  stones  and  no  stone  shall  come 
within  4  in.  of  any  exposed  face.  The  stone  shall  be  thoroughly  cleaned 
and  wet  before  placing. 
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Section  26.  In  mixing  concrete,  it  is  advisable  to  use  the  least  possible  Consistency, 
amount  of  water  required  to  obtain  a  workable  mix,  and  when  the  aggregate 
is  dry,  6  gal.  of  water  to  a  sack  of  portland  cement  is  the  maximum  which 
should  be  used.  (For  slag  aggregate  this  may  be  somewhat  increased.) 
Where  comparatively  dry  mix  is  to  be  used,  as  in  inverts,  and  near  the 
crown  of  the  arches,  the  concrete  must  be  thoroughly  tamped  until  the 
water  flushes  to  the  surface. 

Section  21.  Concrete  shall  not  be  mixed  nor  deposited  in  the  work  in  Work  in 
freezing  weather  except  as  directed.  If  the  work  on  concrete  structures  is  leather, 
prosecuted  in  cold  weather,  proper  precautions  shall  be  taken  for  removing 
ice  and  frost  from  the  materials,  including  heating  the  water  and  aggre- 
gates; for  protecting  the  newly-laid  masonry  from  freezing,  and  for  secur- 
ing work  satisfactory  in  all  respects.  Satisfactory  covering  for  the  newly- 
laid  concrete  and  such  additional  appliances  and  materials  as  may  be 
required  therefor,  including  steam  pipes  for  keeping  the  air  warm  beneath 
the  said  covering  shall  be  provided. 

Transportating  and  Placing  Concrete. 

Section  2S.  Provision  shall  be  made  for  quickly  transporting  the  Transporting, 
concrete  from  the  mixer  to  the  work  and  with  as  little  shaking  as  possible, 
so  that  the  tendency  of  water  to  rise  to  the  top  may  be  reduced  to  a  mini- 
mi i in.  Any  concrete  which  may  have  been  compacted  during  transportation 
shall  be  satisfactorily  remixed  before  being  placed  in  the  work.  Any  con- 
crete delayed  one-half  an  hour  in  transit  shall  not  be  used  in  the  work  and 
must  be  removed  from  the  premises. 

Section  29.  Concrete  shall  be  deposited  so  as  to  maintain  a  nearly  Placing  Concrete, 
level  surface  and  avoid  flowing  along  the  forms.  It  shall  be  continuously 
and  sufficiently  worked  to  expel  air  and  to  force  the  aggregate  away  from 
the  forms.  In  special  cases,  as  where  concrete  is  deposited  on  slopes,  a 
comparatively  dry  mixture  may  be  used,  but  great  care  shall  be  exercised 
to  spread  such  concrete  evenly  in  layers  not  more  than  6  in.  in  thickness 
and  to  ram  it  thoroughly.  In  general,  the  methods  used  shall  be  such  as  to 
give  a  compact,  dense  and  impervious  concrete  with  a  smooth  surface. 

Section  30.  For  the  proper  bonding  of  new  and  old  concrete,  such  Joining  New 
provisions  shall  be  made  of  steps,  dovetails,  or  other  devices  as  may  be  Work  t0  old- 
required.  Whenever  new  concrete  is  joined  to  old,  the  contact  surface  of 
the  old  concrete  shall  be  thoroughly  cleaned,  using  a  stiff  brush  and  a 
stream  of  water,  if  required,  and  shall  be  clean  and  wet  at  the  moment  the 
fresh  concrete  is  placed.  Where  ordered,  a  thick  wash  of  rich  mortar  shall 
be  run  over  the  contact  surface  of  the  old  concrete.  Where  it  is  of  impor- 
tance that  the  joint  between  the  new  and  old  work  shall  be  as  strong  and 
tight  as  possible,  especial  precautions  shall  be  taken,  such  as  picking  off  the 
top. one  or  two  inches  of  the  old  work  so  as  to  remove  the  laitance  or  wash- 
ing the  old  cement  off  the  surface  with  acid  or  alkali  and  later  with  water 
to  remove  all  traces  of  them,  or  both,  as  may  be  required. 

Section  31.    Special  care  shall  be  taken  that  all  concrete  surfaces  shall  Finish  of  Concrete 
be  smooth  and  free  from  indentations  or  projections.     All  surfaces  shall  be   Surfaces- 
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Plastering  of 
Concrete  Surfaces, 


Masonry  not  to 
be  Laid  in  Water, 


Forms. 


Placing  Concrete. 


Shaping  and 
Splicing. 


free  from  voids,  exposed  stones  and  other  imperfections.  If  such  imperfec- 
tions are  found  upon  removing  the  forms,  the  faults  shall  be  corrected  at 
the  contractor's  expense  by  filling  with  mortar  or  otherwise,  as  directed, 
even  to  the  extent  of  taking  down  and  replacing  unsatisfactory  concrete. 

Section  32.  No  plastering  of  any  concrete  surface  shall  be  done  unless 
expressly  permitted  and  if  so  permitted  shall  be  done  in  strict  accordance 
with  directions.  No  payment  will  be  made  for  plastering  done  to  correct 
defective  work. 

Section  33.  No  concrete  or  other  masonry  shall  be  deposited  under 
water  without  permission  and  then  only  in  accordance  with  directions. 
Water  shall  not  be  permitted  to  rise  on  any  masonry  until  the  mortar  shall 
have  set  at  least  12  hours. 

Forms. 

Section  34-  There  shall  be  provided  suitable  collapsible  centers  or 
forms  with  smooth  surfaces  of  ample  strength  and  rigidly  braced.  The 
bracing  shall  be  adequate  to  prevent  deviations  from  the  correct  lines. 

Section  35.  All  steel  forms  shall  be  neatly  and  accurately  made  with 
all  similar  parts  in  each  longitudinal  section  of  form  interchangeable  with 
other  sections.  Bent  plates  required  to  fit  shall  be  rolled  and  fabricated  to 
the  correct  curves  before  assembling.  Suitable  forms  shall  be  provided  for 
bends  in  the  sewer.     Steel  filler  plates  shall  be  furnished. 

Section  36.  All  wooden  forms  shall  be  built  of  clean,  sound  lumber, 
reasonably  free  from  knots,  dressed  on  all  sides  and  neatly  fitted.  Tongued 
and  grooved  material  shall  be  used  where  required.  The  form  surface  shall 
be  watertight,  securely  fastened  to  the  ribs  or  supports. 

Section  31.  No  forms  built  up  in  the  trench  or  ribs  with  separate  pieces 
of  wooden  lagging,  piece  by  piece,  will  be  allowed  except  for  specials  or 
curves. 

Section  38.  No  center  or  form  shall  be  used  which  is  not  clean  and  of 
proper  shape  and  strength  and  in  every  way  suitable.  Before  placing  con- 
crete or  reinforcement  the  forms  shall  be  coated  with  vaseline,  form 
grease  or  other  suitable  approved  substance,  to  prevent  adherence  of  con- 
crete. 

Placing  Reinforcement. 

Section  39.  All  steel  reinforcement  shall  be  placed  in  the  exact  posi- 
tions and  with  the  spacing  shown  on  the  drawings  or  as  ordered,  and  it 
shall  be  so  fastened  in  position  as  to  prevent  displacement  while  the  con- 
crete is  being  deposited. 

Section  40.  The  reinforcing  steel  shall  be  bent  to  the  shapes  shown  on 
the  drawings  or  as  required.  The  ends  of  the  bars  shall  be  bent  or  hooked 
over  if  required.  The  length  of  the  laps  for  bonding  the  adjacent  bars  shall 
not  be  less  than  thirty  times  the  diameter  of  the  bar,  when  the  steel  is 
designed  for  working  stress  of  12,000  lb.  and  not  less  than  forty  times  the 
diameter  of  the  bar  when  the  steel  is  designed  for  working  stress  of  16,000 
lb.  per  sq.  in.  Where  the  bars  are  of  different  sizes,  the  diameter  of  the 
larger  bar  shall  be  used. 
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Section  41.    Steel  must  be  stored  in  such  manner  that  its  condition  will  Storing, 
at  all  times  correspond  to  that  under  which  the  samples  were  taken. 

Part  II-A. — General  Construction,  Monolithic  Sewers. 

Section  4%-     The  width  of  trench  for  circular  sewers  shall  be  equal  to  Width  of  Trench, 
the  greatest   outside   width   of   the   sewer.      Below   the   springing   line   for 
such  sewer,  the  trench  shall  be  accurately  shaped  to  the  form  of  the  outside 
of  the  masonry  and  the  concrete  shall  have  a  firm  bearing  on  the  natural 
soil  or  rock  at  all  points  below  the  springing  line.* 

Section  43.  In  general  the  width  of  the  trench  for  sewers  of  the  horse- 
shoe and  similar  types  shall  be  one  foot  greater  than  the  outside  width  of 
masonry  to  allow  for  satisfactory  bracing. 

Section  44-  Underdrains  of  agricultural  tile  laid  in  gravel  or  crushed  Underdrain, 
stone,  shall  be  constructed  of  the  size,  and  where  directed,  for  the  purpose 
of  keeping  the  work  free  from  water  during  construction,  such  drains  to  be 
abandoned  when  the  work  is  completed;  underdrains  so  laid  shall  lead  to 
sumps  or  manholes,  and  water  flowing  to  them  shall  be  removed  by  pump- 
ing. Such  pumping  shall  be  carried  on  continuously,  day  and  night,  and 
the  level  of  the  ground  water  shall  be  maintained  below  any  cement  or  con- 
crete which  may  be  placed  in  the  work  for  a  period  of  at  least  twelve  hours 
after  such  cement  or  concrete  is  placed.  When  the  temporary  underdrains 
above  described  are  abandoned,  they  shall  be  cut  and  plugged  where  directed 
and  the  sump  holes  above  described  shall  be  solidly  filled  with  approved 
material. 

Section  45.     On   all   sections  having  a  comparatively   flat   invert,   the  Construction  of 

Inverts, 
complete  invert  shall  first  be  built,  while  on  all  circular  sections  a  center 

strip  of  not  less  than  one-fourth  circumference  shall  be  built.  The  invert 
or  center  strip  shall  be  placed  in  sections  of  not  over  16  ft.  where  the 
surface  is  to  be  finished  with  end  guides  and  a  longitudinal  straight  edge, 
and  not  more  than  twenty  feet  if  a  separate  lining  of  vitrified  brick,  tile  or 
concrete  block  is  to  be  provided. 

Section  46.  A  granolithic  finish  shall  be  applied  to  the  fresh  concrete  Finish, 
as  soon  as  the  condition  of  its  surface  will  permit.  This  finish  shall  con- 
sist of  a  mixture  of  one  part  of  cement  to  two  parts  of  granite,  or  other 
hard  rock  chips,  graded  from  Vs  m-  to  14  in.  in  size,  and  shall  be  laid  l1/^ 
in.  thick.  The  upper  surface  shall  be  formed  by  means  of  screeds  and  shall 
be  floated  and  troweled  to  a  smooth  surface.  As  soon  as  this  surface  is  dry 
enough  to  receive  it,  a  dry  mixture  of  two  parts  of  cement  and  one  part  of 
sand,  free  from  crusher  dust  and  particles  larger  than  %  in.  shall  be 
sprinkled  over  it  and  then  the  surface  shall  be  floated  and  troweled.  This 
treatment  shall  be  repeated  at  least  once,  and  where  the  proportion  of  very 
fine  material  in  the  aggregate  necessitates  it,  a  total  of  three  dryer  coats 
shall  be  applied.  Where  the  placing  of  the  dryer  coat  must  be  deferred 
until  the  day  following  the  pouring  of  the  concrete  invert,  the  concrete 
shall  be  first  moistened  and  covered  with  neat  cement,  which  shall  be  thor- 
oughly broomed  into  the  concrete  in  the  form  of  a  thick  paste. 


*  Where  there  is  a  probability  that  wet  ground  will  make  the  shaping  of  circular  inverts 
impossible,  an  alternate  section  of  a  suitable  type  shall  be  used. 
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Section  47  *  Where  required,  the  inverts  shall  be  lined  with  concrete 
is  laid.  A  mixture  made  of  one  part  of  portland  cement  and  three  parts  of 
sand,  without  the  addition  of  water,  shall  be  spread  on  the  finished  surface 
block,  title,  or  vitrified  brick,  as  shown  on  the  plans. 

47.1.  The  concrete  bottom  shall  be  accurately  shaped  up  to  a  line  one- 
half  inch  below  the  bottom  of  the  lining  and  allowed  to  set  before  the  lining 
to  the  depth  required  to  bring  the  block  or  brick  to  the  required  grade. 
The  lining  units  shall  be  laid  in  straight  lines  and  in  a  workmanlike  man- 
ner and  so  that  all  joints  shall  be  broken.  After  being  laid,  it  shall  be 
rolled  with  a  hand-roller  weighing  from  300  to  500  lb.  or  tamped  until  every 
unit  shall  have  a  solid  bearing  and  the  top  of  the  finished  work  shall  pre- 
sent a  smooth  and  even  surface  and  conform  accurately  with  the  shape  of 
the  invert  as  shown  on  the  plans.  The  joints  between  the  units  shall  be 
grouted  with  mortar  made  of  one  part  portland  cement  and  two  parts  sand 
and  the  surface  shall  be  brushed  until  every  joint  is  completely  filled. 

41.2.  Where  vitrified  tile  is  used,  the  units  shall  be  carefully  bedded 
in  wet  mortar,  the  mortar  bed  to  be  approximately  %  in.  in  thickness. 

47.3.  The  bottom  must  be  kept  free  from  water  until  the  work  is 
completed  and  no  water  will  be  allowed  to  run  over  the  completed  work 
until  it  shall  have  set. 

Section  48.  The  unfinished  surface  of  the  invert  on  which  the  concrete 
of  sidewalls  or  arches  is  to  be  placed,  shall  be  made  as  rough  as  possible. 
In  unreinforced  work,  dovetails  shall  be  formed  as  provided  in  Section  31. 
In  reinforced  work,  where  projecting  bars  may  interfere  with  the  formation 
of  dovetail  joints,  the  invert  concrete  shall  be  thoroughly  cleaned  by  a 
pressure  stream  of  water  or  scrubbed  and  every  precaution  shall  be  used  to 
prevent  earth  or  material  from  the  forms  falling  on  the  surface  after 
cleaning. 

Section  4&-  Precaution  shall  be  taken  to  prevent  concrete  from 
diving  until  there  is  no  danger  of  cracking  from  lack  of  moisture.  Con- 
crete shall  be  kept  moist  for  at  least  one  week,  unless  sooner  covered  with 
earth.  This  may  be  done  by  covering  of  wet  sand,  burlap,  continuous 
sprinkling  or  by  some  other  method  approved  by  the  engineer. 

Section  50.  Forms  for  slabs  or  very  flat  arches  as  in  box  sections  or 
roofs  of  special  chambers,  shall  remain  in  place  for  at  least  seven  days. 
No  load  shall  be  placed  on  the  concrete  for  fourteen  days,  and  then  only 
with  permission. 

Arch  forms  shall  not  be  slackened  until  the  backfilling  has  been  carried 
to  a  height  of  at  least  one  foot  above  the  top  of  the  arch  and  tamped.  Arch 
forms  shall  remain  in  place  for  forty-eight  hours  when  conditions  are  most 
favorable  for  the  hardening  of  the  concrete  and  for  a  longer  time,  as  may 
be  directed  during  inclement  weather,  or  where  unusual  conditions  exist. 
Permission  for  dropping  center  must  be  secured  for  each  arch  unit,  j 


*  This  construction  is  particularly  applicable  to  sewers  having  comparatively  flat  inverts, 
and  is  more  difficult  to  carry  out  with  circular  sewers. 

t  For  small  arches,  0  ft,  or  less,  and  under  the  most  favorable  conditions,  forms  may  be 
dropped  in  24  hours. 


Standard  Specifications  for  Concrete  Sewers.      275 

Section  51.  Backfill,  over  and  around  arch  sewers,  shall  be  placed  as 
soon  as  possible  after  the  cement  has  set.  The  filling  up  to  a  plane  2  ft. 
above  the  top  of  the  arch  shall  be  made  from  the  best  earth  and  shall  not 
contain  a  sufficient  amount  of  large  stones  as  to  allow  the  pieces  of  stone 
to  become  wedged.  It  should  be  filled  in  layers  of  not  over  6  in.  and  care- 
fully tamped.  If  the  remaining  of  the  backfill  is  dumped  from  buckets,  the 
contents  of  the  buckets  should  not  be  allowed  to  fall  more  than  5  ft.  unless 
the  impact  is  broken  by  timber  grillage.  Bracing  should  generally  be  re- 
moved only  when  the  trench  below  it  has  become  completely  filled  and  every 
precaution  shall  be  taken  to  prevent  any  large  slips  of  earth  from  the  side 
of  the  trench  onto  or  against  the  green  arch.  All  voids  left  by  withdrawal, 
of  sheeting  shall  be  immediately  filled  with  sand,  by  ramming  with  tools 
especially  adapted  to  that  purpose,  by  watering  or  otherwise  as  may  be 
directed. 

Section  52.  During  the  construction  of  the  sewer,  care  should  be  taken 
that  no  loose  mortar  or  concrete  shall  be  allowed  to  remain  on  the  interior 
surface  of  the  invert.  At  the  completion  of  the  work  all  debris  shall  be 
removed  and  the  invert  shall  be  left  clean  and  smooth. 

Part  III-A. — Manufacture  of  Reinforced-Concrete  Pipe. 

Section  53.     Reinforced-concrete  sewer  pipe  shall  be  made  circular  or  ghaoe, 
egg  shape  in  cross-section  and  circular  pipe  made  in  sizes  from  24  in.  to  96 
in.  inside  diameter.     Opposite  diameters  shall  be  true  with  a  permissible 
variation  of  not  more  than  three-quarters  of  one  per  cent. 

Section  5^.    Reinforced-concrete  sewer  pipe  shall  be  in  sections  of  not  Length, 
less  than  3  ft.  in  length  and  ends  so  formed  that  when  laid  together  and 
cemented  they  shall  make  a  continuous  and  uniform  line  of  pipe. 

Section  55.     The  provisions  of  Sections  1  to  11,  inclusive,  specifying  Material  and 
materials  for  monolithic  sewers,  shall  apply  to  materials  for  concrete  pipe,  Manufacture, 
and  the  provisions  of  Section  20,  21,  22  and  26  shall  apply  to  its  manufac- 
ture.   All  concrete  shall  be  of  Class  "A." 

Section  56.     All  pipe  shall  be  made  in  forms  composed  of  sheet  steel  Forms, 
cores  and  casings,  and  cast-iron  bottom  and  top  rings  which  form  the  joint. 
The  forms  shall  be  rigidly  held  together  and  the  core  and  casing  so  placed 
as  to  insure  uniform  wall  thicknesses. 

The  top  rings,  cores  and  casings  shall  not  be  removed  from  the  pipe  Curing, 
until  the  concrete  has  obtained  its  final  set. 

Under  average  climatic  conditions  pipe  shall  not  be  lifted  from  the 
bottom  rings  until  concrete  is  from  60  hours  to  72  hours  old.  In  very 
warm,  dry  climates  the  engineer  may  permit  the  removal  of  the  pipe  after 
24  hours. 

After  the  cores  and  casings  have  been  removed  from  the  pipe  they 
shall  be  kept  constantly  and  thoroughly  wetted  by  sprinkling  with  water 
three  times  a  day  or  oftener  so  that  they  shall  be  kept  wet  until  they  are 
removed  from  the  bases  and  yarded.  After  being  placed  on  the  yard  the 
pipes  shall  be  sprinkled  thoroughly  at  least  three  times  a  day  until  they 
are  six  days  old. 
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All  pipes  shall  be  marked  with  the  date  of  their  manufacture  and  no 
pipe  that  is  not  14  days  old  will  be  permitted  to  be  laid  unless  it  has  been 
steam  cured. 
Steam  Curing.  Pipe  may  be  cured  by  the  use  of  wet  steam  in  the  following  manner: 

After  the  pipes  have  been  cast  they  shall  be  covered  with  canvas  or  other 
material  known  as  steaming  jackets  and  wet  steam  be  turned  into  these 
jackets  for  one  day  after  casting.  Then  the  casings  and  cores  may  be 
removed  and  the  steam  again  applied  in  the  same  manner  for  one  day. 
After  this  has  been  done  the  pipes  may  be  removed  from  the  bases  and 
yarded,  no  other  curing  being  necessary.  Steam  cured  pipes  may  be  laid 
when  they  are  six  days  old. 

Table  I. 
( Knife-edge  bearing. ) 


Diameter,  in. 

Load,  lb.  per 

lin.  ft. 

24 

2149 

27 

2369 

30 

2583 

33 

2830 

36 

3080 

39 

3300 

42 

3521 

Table  II. 
(Sand  bearing.) 


Diameter,  in. 

Load,  lb.  per  lin.  ft. 

24 

3070 

27 

3370 

30 

3690 

33 

4040 

36 

4400 

39 

4710 

42 

5030 

Samules  for 
Testing. 


Crushing  Tests. 


Section  57.  Any  or  all  of  the  following  tests  may  be  applied  to  samples 
selected  by  the  engineer  from  the  pipe  delivered  on  the  work.  For  the 
purposes  of  making  such  tests,  the  contractor  shall  furnish  and  deliver, 
when  directed,  and  at  the  place  required,  five  lengths  of  each  size  pipe  used 
in  the  work. 

Section  58.  (a)  When  supported  at  the  bottom  upon  a  knife  edge 
one  inch  in  width,  in  such  a  manner  that  an  even  bearing  is  provided 
throughout  the  whole  length,  exclusive  of  the  bell,  and  load  is  applied  at 
the  crown  uniformly  through  a  similar  knife  edge,  the  various  sizes  of 
pipe  shall  withstand,  without  signs  of  distress,  the  loads  shown  in  Table  I. 

(b)  Sand  bearing  loads  shown  in  Table  II  are  equivalent  in  value  to 
the  knife-edge  loads  in  Table  I. 

(c)  When    supported    upon    a    sand    saddle    which    extends    the    full 
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length  of  the  pope,  exclusive  of  the  bell,  and  whose  upper  surface  fits 
accurately  the  outer  curved  surface  of  the  pipe,  and  whose  width  is  equal 
to  an  arc  of  fifteen  degrees,  in  such  a,  manner  that  an  even  bearing  is 
provided  throughout  the  whole  length,  and  the  load  is  applied  at  the 
crown  uniformly  through  a  knife  edge  one  inch  in  width,  the  various  sizes 
of  pipes  with  diameters  greater  than  42  in.  shall  withstand  the  following 
loads: 

Table  III. 


Diameter,  in.          * 

Load,  lb.  per  lin.  ft. 

48 

3800 

54 

4400 

60 

5000 

66 

5500 

72 

6000 

78 

6500 

84 

7000 

90 

7500 

96 

8000 

Section  59.  The  specimens  for  absorption  tests  shall  be  sound  pieces  Absorption  Test, 
with  all  edges  broken,  and  may  be  from  pipes  broken  in  the  crushing  test. 
One  specimen  shall  be  selected  from  each  pipe  broken  in  the  crushing  test, 
or  may  be  taken  from  other  pipes.  They  shall  be  from  12  to  20  sq.  in.  in 
area,  and  shall  be  as  nearly  square  as  they  can  be  readily  prepared.  They 
shall  be  free  from  observable  cracks,  fissures,  laminations  or  shattered 
edges. 

Preparatory    to    the    absorption    test,    the    specimen    shall    be    first  Drying, 
weighed  and  then   dried  in   a  drier  or  oven  at  a  temperature  of  not  less 
than  110  degrees  C.   (230  degrees  F.)   for  not  less  than  three  hours.     After 
removal  from  the  drier  the  specimen  shall  be  allowed  to  cool  in  dry  air  to 
room  temperature  and  then  weighed. 

If  the  specimen  is  comparatively  dry  when  taken,  and  the  second 
weight  closely  agrees  with  the  first,  it  shall  be  considered  dry.  If  the 
specimen  is  wet  when  taken  it  shall  be  placed  in  the  drier  for  a  drying 
treatment  of  two  hours  and  reweighed.  If  the  third  weight  checks  the 
second,  the  specimen  shall  be  redried  for  two-hour  periods,  until  check 
weights  are  obtained. 

The  balance  used   shall  be  sensitive  to  five-tenths    (0.5)    grams  when  Weighing, 
loaded  with  1  kg.,  and  weighings  shall  be  read  to  the  nearest  gram.     When 
other  than  metric  weights  are  used,  the  same  degree  of  accuracy  shall  be 
obtained. 

The  specimen,  after  final  drying,  cooling  and  weighing,  shall  be  placed  Immersion, 
with  other  similar  specimens  in  a  suitable  wire  receptacle,  packed  tightly 
enough   to   prevent   jostling,   covered  with   distilled  water   or   rain   water, 
raised  to  the  boiling  point  and  hoiled  for  five  hours,  and  then  cooled  in 
water  to  room  temperature. 
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Reweighing. 


Calculation  of 
Absorption. 

Reporting  Results. 


Identification. 


Allowable 
Absorption. 


The  specimen  shall  be  allowed  to  drain  for  one  minute  and,  the  super- 
ficial moisture  having  been  removed  by  towel,  or  blotting  paper,  the  speci- 
men is  then  placed  upon  the  balance. 

The  test  result  shall  be  calculated  as  percentage  of  the  initial  dry 
weight. 

The  results  shall  be  reported  separately  for  each  individual  specimen, 
together  with  the  mean  for  all  the  specimens  from  the  same  shipment 
of  pipe. 

Each  specimen  shall  be  marked  so  that  it  may  be  identified  with 
the  pipe  used  in  the  crushing  test  from  which  the  specimen  was  taken. 
The  marking  shall  be  applied  so  that  the  pigment  shall  not  cover  more 
than  one  per  cent  of  the  total  superficial  area  of  the  specimen. 

The  maximum  allowable  absorption  shall  be  12  per  cent. 


Part  III-B. — Laying  the  Pipe. 

Section  60.  After  the  trench  has  been  properly  prepared  the  pipes 
shall  be  laid  true  to  line  and  grade  with  the  spigot  end  extending  toward 
the  outfall.  Where  pipe  are  laid  in  rock  or  hard  ground  they  should  be 
thoroughly  bedded  in  sand,  gravel  or  concrete.  The  joints  shall  then  be 
filled  with  a  mortar  consisting  of  one  part  of  portland  cement  and  two 
parts  of  sand  of  the  quality  previously  specified.  After  the  joints  have 
been  made  the  trench  shall  be  carefully  backfilled  in  thin  layers  and  the 
material  shall  be  thoroughly  compacted  under  the  haunches,  around  the 
sides  and  over  the  top  of  the  popes  to  1  ft.  above  the  top  before  the  other 
backfilling  material  is  thrown  or  dumped  into  the  trench.  This  additional 
material  must  be  thoroughly  tamped  or  compacted  to  the  top  of  the 
trench. 

If  wet  ground  or  wet  sand  is  encountered  a  timber  platform  of  suf- 
ficient width  and  strength  shall  be  constructed.  Then  the  pipe  shall  be 
placed  on  this  platform  and  wedged  accurately  to  line  and  grade,  using 
2  x  6-in.  wedges  18  in.  long,  four  to  each  pipe.  After  this  has  been  done 
the  trench  shall  then  be  backfilled  in  the  manner  before  specified. 


General  Note. 

No  attempt  has  been  made  to  include  herein  detailed  specifications, 
for  much  of  the  work  entered  into  sewer  construction,  such  as  earth  and 
rock  excavation,  sheeting  and  bracing,  etc. 

Statements  relating  to  the  responsibility  of  furnishing  materials,  per- 
forming work  and  giving  directions  have  also  been  generally  omitted. 

No  specification  has  been  included  in  regard  to  the  measurement  of 
materials  Or  the  amount  of  work  covered  in  any  particular  compensation, 
other  than  for  reinforcing  steel,  as  it  has  been  considered  best  to  leave 
these  clauses  to  be  worked  under  the  conditions  prevailing  on  the  particular 
piece  of  work. 
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RECOMMENDED   RULES   FOR  CONCRETE   SEWER  DESIGN. 
(To  accompany  the  Specifications  for  Concrete  SeAvers. ) 

1.  Concrete    sewers    without    reinforcement    are    approved    for    sizes  plain  Concrete 
between  30  and  60  in.  mean  diameter.     Plain  concrete  sewers  between  these  Monolitnic  Sewers. 
sizes  are  to  be  used  only  in  rock  or  hard  soils.     It  is  recommended  that  the 

minimum  thickness  for  a  diameter  of  36  in.  or  under  should  be  5  in.  and 
for  a  5  ft.  diameter  7  in.  with  intermediate  sizes  in  proportion.  These 
thicknesses  are  to  be  taken  as  a  minimum  for  circular  sewers  and  used 
only  under  favorable  conditions. 

2.  {a)    Steel    Reinforcement. — The    reinforcement    for    circular    pipe  Concrete  Pipe 
shall  consist  of  one  or  two  rings  of  steel  wire  fabric  or  rods  of  the  areas     ewers- 
shown  in  Table  IV.     Special  methods  of  reinforcement  will  be  permitted  if 

the  requirements  of  Article  7  as  to  crushing  strength  are  fulfilled. 

(b)  Thickness. — The  thickness  of  pipe  walls  shall  be  as  set  forth  in 
the  following  table,  but  thinner  walls  may  be  used  provided  the  amount  of 
steel  reinforcement  is  increased  to  give  sufficient  strength  to  withstand  the 
crushing  loads  specified  in  Article  7  of  these  specifications. 


Minimum  Thickness 

Cross  Sectional  Area  of  Steel 

Size,  in. 

of  Shell,  in. 

per  lin.  ft.  of  Shell. 

24 

3 

1  concentric  ring  of  0.058 

27 

3 

' 0.068 

30 

3J4 

0.080 

33 

4 

0.107 

36 

4 

0.146 

39 

4 

0  146 

42 

ilA 

' 0.153 

48 

5 

2         "        rings  "  0.107 

54 

5.1-2 

"     "0.126 

60 

6 

"     "0.146 

66 

VA 

0.168 

72 

7 

"     "0  180 

84 

8 

0.208 

96 

9 

"  0.245 

3.  All  sewers  near  the  surface  and  subject  to  moving  loads  or  vibra-  Reinforced 
tion,  should  be  reinforced.     For  sewers  of  6  ft.  or  less  in  diameter,  it  is  £?  ""rth'c 
recommended  that  the  reinforcement  be  %   of   1   per  cent  placed  near  the  Sewers, 
inside  at  the  crown,  and  near  the  outside  at  the  springing  lines. 

If  it  appears  at  all  possible  that  the  horizontal  pressures  on  the  sewer 
might  be  large,  reinforce  for  reverse  stresses. 

4.  It  is  recommended  that  for  all  sewers  greater  than  6  ft.  in  diam- 
eter, several  possible  types  of  loading  be  assumed  and  stresses  be  calculated 
on  the  elastic  arch  theory.  (The  methods  are  indicated  in  Turneaure  & 
Maurer's  "Principles  of  Reinforced  Concrete,"  or  in  Metcalf  &  Eddy's 
"American  Sewerage  Practice,"  Volume  I.) 

5.  It  is  also  suggested  that  in  sewers  of  greater  than  6  ft.  in  diameter, 
it  may  be  found  economical  to  adopt  a  section  having  a  comparatively  flat 
bottom,  and  an  arch  with  or  without  intermediate  side  walls. 
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6.  The  minimum  thickness  of  concrete  in  sections  of  this  type  should 
be  8  in.  This  is  recommended  as  a  factor  of  safety  against  poor  placing 
and  also  to  secure  waterproof  structures. 

7.  The  specifications  submitted  provide  for  three  classes  of  concrete. 
It  is  recommended  that  all  arches  be  built  of  Class  "A"  concrete  and  that 
the  inverts  be  of  Class  "A"  concrete  except  in  rock  or  very  hard  soils, 
where  Class  "B"  concrete  may  be  used. 

8.  For  reinforced  work  in  bad  ground,  the  designer  should  provide  for 
a  raft  of  Class  "C"  concrete  of  from  4  to  6  in.  in  depth,  which  is  to  be 
alloAved  to  set  before  the  reinforced  structure  is  started.  This  is  advisable 
to  facilitate  good  workmanship  and  particularly  to  prevent  contamination 
of  the  concrete  around  the  reinforcement  by  mud  or  sand. 

9.  The  distance  from  the  face  of  reinforcing  steel  to  the  face  of  the 
concrete  in  monolithic  sewers  should  be  not  less  than  2  in. 

10.  In  determining  dimensions  of  concrete  and  reinforcement,  the 
following  working  stresses  should  be  the  maximum  used: 

(a)  "Phe  maximum  working  stress  in  the  steel  where  structural  grade 
is  used  should  be  not  more  than  12,000  lb.  and  for  intermediate  or  hard 
grades,  or  for  cold  twisted  bars,  16,000  lb.  per  sq.  in. 

The  maximum  working  stress  in  rail  steel  should  not  exceed  16,000  lb. 
per  sq.  in. 

(b)  The  maximum  working  stresses  in  concrete  are  based  on  the 
Report  of  the  Joint  Committee  on  Concrete  and  Reinforced  Concrete  are 
about  25  per  cent  less  than  the  stresses  there  recommended. 

Working  Stresses  in  Pounds  per  Square  Inch. 


Aggregate. 


Granite  or  trap  rock -. 

Gravel  or  hardluneatone 

Soft  limestone  or  sandstone  (if  permitted) 


Class  A. 


550 
500 
375 


450 
400 
300 


Class  C 


350 
325 
250 


Class  "B"  concrete  is  not  recommended  for  use  in  the  sewer  proper. 
Soft  limestone  and  sandstone  are  prohibited  if  the  accompanying  specifica- 
tion is  rigidly  carried  out. 

These  stresses  should  be  further  reduced  where  construction  conditions 
are  likely  to  be  very  unfavorable  to  good  workmanship,  as  in  very  wet  or 
deep  trenches. 

11.  In  all  important  work,  specify  that  the  reinforcement  shall  be 
held  in  place  with  steel  chairs  or  holders  and  wire  ties. 

12.  Attention  is  called  to  the  fact  that  with  sewers  having  compara- 
tively flat  inverts,  careful  consideration  must  be  given  to  the  distribution 
of  load  across  the  invert.     Where  soils  are  likely  to  be  compressible,  the 
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weight  should  be  taken  as  uniformly  distributed.  The  stresses  in  such 
inverts  should  be  carefully  analyzed,  as  they  are  generally  more  severe  than 
the  other  parts  of  the  sewer. 

It  will  generally  be  advisable  to  provide  alternate  details  of  the  invert 
for  use  in  rock  cuts,  when  resting  on  rock  or  nearly  incompressible  soils 
and  for  soft  or  wet  ground. 

13.  Accompanying  specifications  for  monolithic  work  provide  for 
either  a  granolithic  finish  on  the  invert  or  for  a  lining  of  concrete  block, 
brick  or  tile.  The  use  of  the  separate  lining  should  be  considered  as  an 
additional  factor  of  safety  where  unsatisfactory  construction  conditions  are 
likely  to  affect  adversely  the  quality  of  workmanship  and  the  strength  or 
density  of  the  finished  invert  concrete. 


REPORT   OF   THE   COMMITTEE   ON   REINFORCED-CONCRETE 
AND   BUILDING   LAWS. 

[The  report  of  this  committee  for  the  current  year  consisted  in  the  pres- 
entation to  the  convention  of  the  proposed  "Standard  Building  Regulations 
For  the  Use  of  Reinforced  Concrete"  as  printed  in  the  Proceedings  of  the 
American  Concrete  Institute,  Vol.  XV,  1919,  p.  386,  and  as  revised  on  the 
floor  of  the  convention.  The  revised  "Standard  Building  Regulations  for 
the  Use  of  Reinforced  Concrete"  were  adopted  by  the  vote  of  the  convention 
and  sent  to  letter  ballot,  and  by  letter  ballot  vote  of  the  Institute  canvassed 
April  17,  1920,  were  adopted  as  a  Standard  of  the  American  Concrete  Insti- 
tute. The  revisions  of  the  current  year  consisted  mainly  in  the  insertion  of 
the  report  of  the  Special  Committee  on  Unit  Values  for  Vertical  Shear  in 
Reinforced-Concrete  Design  as  Section  44  of  the  Regulations. 

These  "Standard  Building  Regulations"  are  printed  on  the  next  suc- 
ceeding page. — Editor.] 
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AMERICAN  CONCRETE  INSTITUTE. 

STANDARD  SPECIFICATIONS  No.  23 

STANDARD   BUILDING  REGULATIONS   FOR   THE   USE   OF 
REINFORCED   CONCRETE.* 

I     General. 

1.  The   term    "Reinforced   Concrete,"    as   used   in    these   regulations,  Definition  of 
shall  mean  an  approved  mixture  of  portland  cement  with  water  and  aggre-  concrete, 
gates  in  which  metal  (generally  steel)  has  been  embedded  in  proportionately 

small  sections,  in  such  a  manner  that  the  metal  and  the  concrete  assist  each 
other  in  taking  stress. 

2.  Reinforced  concrete  may  be  used  for  all  classes  of  buildings  if  the  Use. 
design  is  in  accordance  with  good  engineering  practice,  and  stresses  are  cal- 
culated as  indicated  in  these  regulations. 

3.  There  shall  be  no  limit  upon  the  height  of  buildings  of  reinforced  Height  of 
concrete,  except  as  limited  by  general  height  restrictions,  for  all  types  of 
buildings  or  by  the  strength  requirements  in  these  regulations. 

4.  Before  permission  is  granted  by  the  Building  Department  to  erect  Permits, 
any  reinforced-concrete  building,   complete  general  plans  accompanied  by 
specifications  signed  by  the  engineer  or  architect  must  be  filed  with  the  Build- 
ing Department.     This  shall  include  a  statement  giving  the  dead-  and  live- 
loads,  wind  and  impact,  if  any,  and  working  stresses.     Sufficient  details  shall 

be  included  in  the  plans  submitted  to  make  clear  the  exact  dimensions  and 
construction  of  the  reinforced-concrete  portions  of  the  building  and  the 
arrangement  of  the  reinforcement  so  as  to  permit  computation  of  all  stresses. 
Specifications  shall  state  the  qualities  and  proportions  of  the  materials  to  be 
used. 

Copies  of  approved  plans  and  specifications  must  be  left  on  file  with  the 
Building  Department  for  public  inspection  until  the  building  is  completed. 

5.  Materials  used  for  the  concrete  as  well  as  for  the  reinforcement  shall  Inspection, 
be  carefully  inspected  and  tested.     The  construction  of  the  building  shall  be 
inspected  in  detail  by  a  representative  of  the  architect  or  engineer  who  will 

keep  a  complete  record  of  the  progress  of  the  work,  including  dates  of  placing 
concrete  and  dates  of  removing  forms.  He  shall  also  check  the  quantity  of 
the  materials  used,  and  the  placing  of  same  in  the  different  parts  of  the  build- 
ing. He  shall  insure  that  the  work  completed  from  day  to  day  is  kept  moist 
for  a  period  of  not  less  than  5  days.  These  records  shall  be  available  for 
inspection  by  the  Building  Department. 


*  Passed  by  letter-ballot  of  the  Institute,  April  17,  1920. 
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Load  Tests.  6.  The  Building  Department  may  require  the  owner  to  make  load  tests 

on  portions  of  the  finished  structure.  Under  such  tests  when  made,  covering 
at  least  one  full  panel,  with  a  load  of  twice  the  specified  five  load,  the  perma- 
nent deflection  7  days  after  the  load  is  removed  should  be  not  more  than  2G 
per  cent  of  the  total  deflection  under  the  test  load;  which  total  deflection 
should  not  be  more  than  g-^-g-  of  the  spans  for  beams,  girders  and  slabs  sup- 
ported by  beams.  Load  tests  shall  not  be  made  before  the  concrete  has  been 
in  place  60  days.  In  the  event  that  the  deflection  is  in  excess  of  the  specified 
amount  the  building  may  be  tested  again  at  a  later  time  to  determine  when 
the  concrete  has  developed  adequate  strength  to  permit  specified  loading, 
otherwise  the  allowable  floor  loads  shall  be  reduced. 

Posting  of  Floor.  7.  The  Building  Department  shall  issue  signed  certificates  to  be  posted 

on  each  floor  of  the  building  stating  the  allowable  carrying  capacity  per  square 
foot. 

II.     Materials. 

Specifications  8-  OmY  Portland  cement  shall  be  used  in  reinforced-concrete  structures. 

Cement.  Cement  shall  meet  the  requirements  of  the  Standard  Specifications  for  Cement 

of  the  American  Society  for  Testing  Materials  as  in  effect  at  the  time  of  the 
adoption  of  this  regulation.     (Standard  1,  Am.  Cone.  Inst.) 

Tests  of  Cement.  9.  All  cement  used  shall  be  tested  and  record  of  such  tests  shall  be  kept 

at  the  building  site  for  inspection  by  the  Building  Department.  No  cement 
which  has  not  met  the  requirements  of  the  above  specifications  shall  be  used 
without  the  written  approval  of  the  Building  Department. 

Aggregates—  10.  All  aggregates  shall  be  of  clean  material,  free  from  dust,  soft  par- 

ticles, lumps  of  clay,  vegetable  loam,  and  all  organic  matter. 

Fine  Aggregates.  11.  Fine  aggregate  shall  consist  of  sand,  or  the  screenings  of  gravel  or 

crushed  stone,  graded  from  fine  to  coarse,  and  passing,  when  dry,  a  screen 
having  §-in.  diameter  holes,  it  preferably  shall  be  of  siliceous  material,  and  not 
more  than  30  per  cent  by  weight  shall  pass  a  sieve  having  50  meshes  per  linear 
inch.  It  shall  have  a  satisfactory  freedom  from  organic  material  as  indicated 
in  the  colorimetric  test  described  in  the  reports  of  Committee  C-9,  American 
Society  for  Testing  Materials.  (Proc.  A.S.T.M.,  Vol.  XIX,  1919,  Part  I, 
p.  321.) 

Test  of  Fine  12.  The  suitable  character  of  the  cement,  water,   fine  aggregate  and 

ggregates.  coarse  aggregate,  mixed  in  the  proportions  to  be  used  in  the  work  and  for  the 

same  length  of  mixing  time,  shall  be  established  to  the  satisfaction  of  the 
Building  Department  by  tests  of  6  x  12  in.  or  8  x  16  in.  cylinders.  Seven-day 
tests  shall  show  at  least  50  per  cent  and  28  day  tests  at  least  100  per  cent  of 
the  ultimate  strength  upon  which  the  working  stresses  are  based  in  accord- 
ance with  Sections  40  and  41.  Work  may  proceed  upon  the  satisfactory 
completion  of  the  7-day  tests.  If  the  28-day  tests  prove  unsatisfactory,  the 
water-cement  ratio  shall  be  sufficiently  decreased  or  other  materials  substi- 
tuted to  provide  the  required  ultimate  strength.  Additional  cylinder  tests 
may  be  required  from  time  to  time  as  the  work  progresses  to  further  demon- 
strate the  satisfactory  strength  of  the  concrete.     Subsequent  to  the  comple- 
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tion  or  preparation  of  such  tests  the  materials  used  on  the  work  shall  not  be 
changed  without  the  consent  of  the  Building  -Department. 

13.  Coarse  aggregates  shall  consist  of  crushed  stone,  gravel,  or  slag,  Coarse 
which  is  retained  on  a  screen  having  f  in.  diameter  holes  and  graded  in  size     Sgrega  e 
from  small  to  large  particles.      The  maximum  size  of  the  coarse  aggregate 

shall  be  such  that  the  concrete  will  flow  freely  around  the  reinforcement. 
Bank  gravel  shall  be  separated  from  the  sand  before  mixing.  Slag  shall  be 
clean,  dense,  air-cooled,  blast-furnace  slag,  weighing  not  less  than  70  lb.  per 
cu.  ft.  when  loosely  placed  in  the  measure  and  containing  not  more  than  1.3 
per  cent  of  sulphur  as  sulphides. 

14.  Cinders  shall  not  be  used  as  coarse  aggregate  in  concrete  for  rein-  Cinders, 
forced-concrete  structures  without  tests  acceptable  to  the  Building  Depart- 
ment showing  the  strength  of  such  concrete.     Cinder  concrete  may  be  used 

for  firep roofing,  for  floor  and  roof  slabs,  not  exceeding  8-ft.  span  and  for 
partitions.  Where  cinders  are  used  as  the  coarse  aggregate  they  shall  be 
composed  of  hard,  clean,  vitreous  clinker;  free  from  sulphides,  unburned  coal 
or  ashes. 

15.  The  water  used  in  mixing  concrete  shall  be  free  from  oil,  acid, 
alkalies  or  organic  matter. 

16.  Steel  for  reinforcement  of  concrete  shall  conform  to  the  requirements 
of  the  specifications  of  the  American  Society  for  Testing  Materials  for  Con- 
crete Reinforcement  Bars,  as  in  effect  at  the  time  of  the  adoption  of  this 
regulation. 

Cold-drawn  steel  wire  made  from  billets  may  be  used  in  floor  and  roof 
slabs,  column  hooping,  and  for  temperature  and  shrinkage  stresses.  This 
steel  shall  have  an  elastic  limit  between  fifty  thousand  (50,000)  and  sixty-five 
thousand  (65,000)  lb.  per  sq.  in.  and  an  ultimate  strength  of  not  less  than 
eighty-five  thousand  (8 ".030)  lb.  per  sq.  in. 

All  reinforcing  steel  shall  be  free  from  flaking,  rust,  scale,  or  coatings  of 
any  character  which  will  tend  to  reduce  or  destroy  the  bond. 

III.  Details  op  Construction. 

17.  Forms  must  be  substantial  and  unyielding  and  sufficiently  tight  to  Forms, 
prevent  the  leakage  of  mortar.      Before  placing  concrete  all  forms  shall  be 

first  thoroughly  cleaned  of  all  debris  and  preferably  oiled  to  prevent  adhesion 
of  the  concrete. 

18.  All  bars  must  be  carefully  bent  as  required  by  plans.  Remforcement. 

19.  Reinforcement  shall  be  accurately  located  in  the  forms  and  secured  Placing  of 
against  displacement.  Reinforcement. 

20.  Where  it  is  necessary  to  splice  reinforcing  steel,  this  shall  be  done  Steel  Splices, 
by  providing  a  lap  sufficient  to  transfer  the  stress  between  bars  by  bond 

and  shear,  or  by  a  mechanical  connection  such  as  screw  coupling.  Splices  at 
point  of  maximum  stress  should  be  avoided. 

21.  Vertical  fill  lines  between  two  fills  of  concrete  must  be  selected  so  Construction 
that  the  resulting  joint  will  have  the  least  possible  effect  upon  the  strength  - 

of  the  structure.      Before  making  the  second  fill,  the  concrete  previously 
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placed  shall  be  thoroughly  cleansed  of  foreign  material  and  laitance,  drenched 
and  slushed  with  a  mortar  consisting  of  one  (1)  part  portland  cement  and 
not  more  than  two  (2)  parts  fine  aggregate. 

Construction  joints  for  columns  should  be  made  at  underside  of  floor 
construction,  haunches  and  column  capitals  being  considered  as  part  of  the 
floor  construction,  and  should  be  poured  monolithically.  Where  reinforced- 
concrete  columns  have  flaring  heads  or  where  structural  steel  columns  are 
used,  concrete  for  slab  and  column  heads  may  be  poured  immediately  after 
the  concrete  for  the  column  shaft. 

In  general,  fill  lines  in  floors  should  be  selected  near  the  center  of  spans 
of  slabs,  beams  and  girders.  Unless  a  beam  intersects  a  girder  at  this  point, 
in  which  case  the  joint  shall  offset  a  distance  equal  to  twice  the  width  of  the 
beam.  Where  shear  is  present  at  the  joint,  adequate  provision  shall  be 
made  for  resisting  same  by  inclining  joint  or  providing  sufficient  reinforcement. 

22.  Methods  of  measuring  of  the  various  ingredients  of  concrete,  includ- 
ing the  water,  shall  be  used  which  will  secure  separate  and  uniform  measure- 
ments, of  the  proportions  required.  Measurements  shall  be  made  by  volume; 
94  lb.  of  cement  to  be  considered  as  a  cubic  foot. 

23.  The  ingredients  of  concrete  shall  be  thoroughly  mixed  to  the  desired 
consistency  and  the  mixing  shall  continue  until  the  cement  is  uniformly 
distributed  and  the  mass  is  uniform  in  color  and  homogeneous. 

24.  In  mixing  by  machine  a  mixer  of  a  type  which  insures  the  uniform 
distribution  of  the  materials  throughout  the  mass,  and  in  which  the  required 
portions  of  the  water-cement  and  aggregates  can  be  accurately  measured, 
shall  be  used. 

25.  When  it  is  necessary  to  mix  by  hand,  the  mixing  shall  be  done  on  a 
watertight  platform,  and  all  ingredients  shall  be  turned  together  at  least  six 
times  and  until  the  resulting  mass  is  homogeneous  in  appearance  and  color. 

26.  The  materials  must  be  mixed  wet  enough  to  produce  a  concrete  of 
such  a  consistency  that  it  will  flow  sluggishly  into  the  forms  and  about  the 
metal  reinforcement,  and  at  the  same  time  can  be  conveyed  from  the  mixer 
to  the  forms  without  separation  of  the  coarse  aggregate  from  the  mortar. 

27.  Mortar  or  concrete  shall  not  be  re-mixed  with  water  and  used  after 
it  has  partly  set. 

28.  Concrete  after  the  completion  of  the  mixing  shall  be  transported  as 
rapidly  as  practicable  from  the  place  of  mixing  to  the  place  of  final  deposit. 
The  concrete  shall  be  deposited  in  such  a  manner  that  it  will  flow  sluggishly 
around  the  steel  reinforcement  and  shall  be  rammed  or  agitated  by  suitable 
tools  in  such  a  manner  as  to  produce  thoroughly  compact  concrete. 

Where  concrete  is  conveyed  by  spouting,  the  plant  shall  be  of  such  a 
size  and  design  as  to  ensure  a  practically  continuous  stream  in  the  spout. 
The  angle  of  the  spout  with  the  horizontal  shall  be  such  as  to  allow  the  con- 
crete to  flow  without  a  separation  of  the  ingredients;  in  general  an  angle  of 
about  27  degrees,  or  one  vertical  to  two  horizontal  will  be  required. 

29.  Concrete  shall  not  be  placed  in  water  unless  unavoidable;  if  neces- 
sary to  do  this  a  tremie  or  other  method  demonstrated  to  be  especially  effective 
shall  be  used  to  prevent  the  cement  from  being  separated  from  the  aggregate. 
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30.  The  concrete  at  the  end  of  each  fill  shall  be  cleaned  of  laitance  or  Finishing, 
other  deleterious  material  which  would  detract  from  the  quality  of  the  con- 
crete.     After  forms  are  removed,   any   porous  sections  of   concrete  shall 

be  cleaned  out  and  filled  in  a  manner  to  meet  the  approval  of  the  Building 
Department. 

31.  Newly  placed  concrete  shall  be  protected  from  rapid  drying  and  ^otect^.n  ™ 
kept  damp  for  a  period  of  at  least  5  days. 

32.  Concrete  shall  not  be  mixed  or  deposited  during  freezing  temperatures  coWeather. 
unless  it  is  maintained  at  a  temperature  not  less  than  50  degrees  F.  during 

mixing,  placing,  and  for  at  least  72  hours  thereafter,  and  until  the  concrete  is 
thoroughly  hardened. 

33.  Under  no  consideration  shall  forms  be  removed  until  the  concrete  Removal  of  Forms, 
has  hardened  sufficiently  to  permit  their  removal  with  safety. 

Where  there  is  danger  of  frozen  concrete  being  mistaken  for  properly 
hardened  concrete,  heat  shall  be  applied  before  tests  for  hardness  are  made. 

34.  Before  a  section  of  form  is  removed,  shoring  shall  be  provided  as  neces-  Temporary 
sary  to  carry  the  weight  of  the  new  concrete  and  other  loads  brought  upon 

the  construction  in  acting  as  a  support  for  upper  floors.  Careful  consideration 
must  be  given  to  the  loads  carried  and  the  strength  of  the  new  concrete  before 
any  shoring  is  removed. 

IV.  Design. 

35.  All  reinforced-concrete  construction  shall  be  designed  to  meet  the  Conditions, 
conditions  of  loading  (including  bending  in  columns)  without  stressing  the 
materials  used  beyond  the  safe  working  stresses  specified. 

36.  The  dead-loads  shall  be  the  weight  of  the  permanent  structure.     The  Dead-Loads, 
weight  of  reinforced  stone,  gravel  or  slag  concrete  shall  be  taken  as  144  lb. 

per  cu.  ft.;  the  weight  of  cinder  concrete  as  100  lb.  per  cu.  ft. 

37.  The  live-load  shall  be  the  working  or  variable  load  for  which  the  Live-Loads, 
structure  is  designed. 

38.  All  parts  of  a  structure  shall  be  designed  to  carry  safely  the  entire  ?oads tl0n  °f 
combined  dead-  and  live-loads  with  the  exception  that  the  loads  on  columns 

and  foundations  may  be  reduced  by  considering  that  columns  in  top  story 
carry  the  total  live-  and  dead-load  above  them;  columns  in  next  to  top  story 
carry  the  total  dead-load  and  eighty-five  (85)  per  cent  of  the  total  live-load 
above;  columns  in  the  next  lower  story,  the  total  dead-load  andeighty  (80 
per  cent  of  the  total  live-load  above;  and  thus  on  downward,  reducing  at  each 
story  the  percentage  of  total  live-loads  carried,  by  5,  until  a  reduction  of 
fifty  (50)  per  cent  is  reached.  The  columns  in  this  and  in  every  story  below 
this  point,  shall  be  proportioned  to  carry  the  total  dead-load  and  at  least 
fifty  (50)  per  cent  of  the  total  five-load  of  all  the  floors  and  roofs  above  them. 
For  warehouses  the  increment  of  reduction  per  story  shall  be  1x/i  per  cent 
instead  of  5  per  cent. 
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General  39.  As  a  basis  for  calculations  for  the  strength  of  reinforced-concrete 

construction  the  following  assumptions  shall  be  made: 

(a)  Calculations  shall  be  made  with  reference  to  working  stresses 
and  safe  loads  rather  than  with  reference  to  ultimate  strength  and  ulti- 
mate loads. 

(b)  A  plane  section  before  bending  remains  plane  after  bending. 

(c)  The  modulus  elasticity  of  concrete  in  compression  within  the 
usual  limits  of  working  stresses  is  constant. 

(d)  In  calculating  the  moment  of  resistance  of  beams,  the  tensile 
stresses  in  the  concrete  are  neglected. 

(e)  Perfect  adhesion  is  assumed  between  concrete  and  reinforce- 
ment. Under  compressive  stresses  the  two  materials  will,  therefore,  be 
stressed  in  proportion  to  their  moduli  of  elasticity. 

(/)  The  ratio  of  the  modulus  of  elasticity  of  concrete  shall  be  taken 
as  follows: 

1.  One-fortieth  that  of  steel  when  the  strength  of  the  concrete  is 

taken  as  not  more  than  eight  hundred  (800)  lb.  per  sq.  in. 

2.  One-fifteenth  that  of  steel  when  the  strength  of  the  concrete  is 

taken  as  greater  than  twelve  hundred  (1200)  lb.  per  sq.  in.  or 
less  than  twenty-two  hundred  (2200)  lb.  per  sq.  in. 

3.  One-twelfth  that  of  steel  when  strength  of  the  concrete  is  take 

as  greater  than  twenty-two  hundred  (2200)  lb.  per  sq.  in.  or  less 
than  thirty-three  hundred  (3300)  lb.  per  sq.  in. 

4.  One-tenth  that  of  steel  when  the  strength  of  the  concrete  is  taken 

as  greater  than  thirty-three  hundred  (3300)  lb.  per  sq.  in. 
strength  of  40.  The  ultimate  strength  of  concrete  shall  be  that  developed  at  an  age 

of  28  days  in  cylinders  8  in.  in  diameter  and  16  in.  in  length  or  6  -in.  in  diameter 
and  12  in.  in  length  of  the  consistency  and  proportions  to  be  used  in  the  work, 
made  and  stored  laboratory  conditions,  but  in  no  case  shall  the  values  exceed 
those  allowed  in  the  table  below.  In  the  absence  of  definite  knowledge  in 
advance  of  construction  as  to  just  what  strength  may  be  developed,  the 
following  values  may  be  used: 

Table  of  Strengths  of  Different  Mixtures. 

Proportion  of  Cement  to  Aggregate. 
Aggregate  1:3*    1:4^*     1:6*    1:7^*    1:9* 
For  stone,  gravel  or  slag  with  water- 
cement  ratio  t  of .' 0.8        0.9         1.0       1.11       122 

Strength  of  concrete 3000      2500      2000       1600       1300 

Cinders 800        700        600        500        400 

Safe  Working  41.  Reinforced-concrete  structures  shall  be  so  designed  that  the  stresses, 

figured  in  accordance  with  these  regulations,  in  pounds  per  square  inch,  shall 
not  exceed  the  following: 

♦Total  volume  of  fine  and  coarse  aggregate,  measured  separately, 
t  Water-Cement  Ratio=  Ratio  of  water  to  cement  by  volume. 
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(a)  Extreme  fiber  stress  in  concrete  in  compression  37  Yi  per  cent  of 
the  compressive  strength  specified  in  Section  40.  Adjacent  to  the 
support  of  continuous  members,  41  per  cent  provided  the  member 
frames  into  a  mass  of  concrete  projecting  at  least  50  per  cent  of  the 
least  dimension  of  the  member  on  all  sides  of  the  compression  area  of 
the  member. 

(b)  Concrete  in  direct  compression  25  per  cent  of  the  compressive 
strength  specified  in  Section  40. 

(c)  Shearing  stress  in  concrete  when  main  steel  is  not  bent  and 
when  steel  is  not  provided  to  resist  diagonal  tension,  as  specified  in 
Section  44. 

(d)  Where  punching  shear  occurs,  provided  the  diagonal  tension 
requirements  are  met,  a  shearing  stress  as  specified  in  Section  44  will 
be  allowed. 

(e)  Vertical  shearing  stresses,   as  specified  in  Section  44. 

(/)   Bond  stress  between  concrete  and  plain  reinforcing  bars — 4  per 

cent  of  the  compressive  strength. 

(g)  Bond  stress  between  concrete  and  approved  deformed  bars — 

5  per  cent  of  the  compressive  strength. 

(h)  Compression  applied  to  a  surface  of  concrete  of  at  least  twice 

the  loaded  area,  a  stress  of  50  per  cent  of  the  compressive  strength  shall 

be  allowed  over  the  area  actually  under  load. 

(i)    Tensile  stress  in  steel — 16,000  lb.  per  sq.  in.,  except  that  for 

steel  having  an  elastic  limit  of  at  least  50,000  lb.,  a  working  stress  of 

18,000  lb.  per  sq.  in.  will  be  allowed. 

42.  In  determining  the  bending  moment  in  slabs,  beams  and  girders,  Girder,  Beam, 
the  load  carried  by  the  member  shall  include  both  the  dead-  and  the  live-loads,  construction. 

The  span  of  the  member  shall  be  the  distance  center  to  center  of  supports, 
but  not  to  exceed  the  clear  span  plus  the  depth  of  the  member,  except  that 
for  continuous  or  fixed  members  framing  into  other  reinforced-concrete  mem- 
bers the  clear  span  may  be  used. 

For  continuous  members  supported  upon  brackets  making  an  angle  of 
not  more  than  45  degrees  with  the  vertical,  and  having  a  width  not  less  than 
the  width  of  the  member  supported,  the  span  shall  be  the  clear  distance 
between  brackets  plus  one-half  the  total  depth  of  the  member. 

If  the  brackets  make  a  greater  angle  than  45  degrees  with  the  vertical, 
only  that  portion  of  the  bracket  within  the  45  degrees  slope  shall  be  considered. 
Maximum  negative  moments  are  to  be  considered  as  existing  at  the  end  of 
the  span  as  here  defined. 

For  members  uniformly  loaded  the  bending  moment  shall  be  assumed 

WL 
as  — — ,  where  W  =  total  load;  L  =  span;  and  F-  =  8  for  members  simply 
b 

supported,  10  for  both  negative  and  positive  bending  moment  for  members 

restrained  at  one  end  and  simply  supported  or  partially  restrained  at  the 

other,  and  12  for  both  negative  and  positive  bending  moment  for  members 

fixed  or  continuous  at  both  supports.      The  above  bending  moments  for 

continuous  members  apply  only  when  adjacent  spans  are  approximately  equal. 
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A  special  condition  of  loading  to  be  reduced  to  equivalent  uniformly 
distributed  loading  in  accordance  with  approved  engineering  practice.  For 
members  having  one  end  simply  supported  or  partially  restrained,  at  least 
fifty  (50)  per  cent  of  the  tension  reinforcement  required  at  center  of  span 
shall  be  bent  up  and  adequately  anchored  to  take  bending  moment  at  exterior 
support. 

At  the  ends  of  continuous  beams,  the  amount  of  negative  moment  which 

will  be  developed  in  the  beam  will  depend  on  the  condition  of  restraint  or 

fixedness,  and  this  will  depend  on  the  form  of  construction  used.     In  the 

w2 
ordinary  cases  a  moment  of  —  may  be  taken;  for  small  beams  running  into 

16  i2 

heavy  columns  this  should  be  increased  but  not  to  exceed  — . 

12 

Slabs.  43.  The  main  tensile  reinforcement  shall  not  be  farther  apart  than  two 

times  the  thickness  of  the  slab.  For  slabs  designed  to  span  one  way,  steel 
having  an  area  of  at  least  two-tenths  of  one  per  cent  (0.2%)  of  section  of 
slab  shall  be  provided  transverse  to  main  reinforcement,  and  this  transverse 
reinforcement  shall  be  further  increased  in  the  top  of  the  slab  over  girders  to 
prevent  cracking,  and  the  main  steel  in  slabs  parallel  and  adjacent  to  girders 
may  be  reduced  accordingly.  Where  openings  are  left  through  slabs,  extra 
reinforcement  shall  be  provided  to  prevent  local  cracks  developing.  This 
reinforcement  shall  in  no  case  be  less  than  \i  sq.  in.  in  section  and  must  be 
securely  anchored  at  ends.  Floor  finish  when  placed  monolithic  may  be  con- 
sidered part  of  the  structural  section. 

Where  adequate  bond  and  shearing  resistance  between  slab  and 
web  of  beam  is  provided,  the  slab  may  be  considered  as  an  integral  part  of  the 
beam,  but  its  effective  width  shall  not  exceed  on  either  side  of  the  beam  one- 
sixth  of  the  span  length  of  the  beam  nor  be  greater  than  six  times  the  thickness 
of  the  slab  on  either  side  of  the  beam,  nor  greater  than  one-half  of  the  distance 
between  beams  on  either  side,  the  measurements  being  taken  from  edge  of 
web. 

Shear  and  44    ia\  The  notation  used  in  this  section  is  as  follows: 

Diagonal  Tension.  . 

V  =  Total  vertical  shear  at  any  section. 

V  =  Vertical  shear  carried  by  the  web  reinforcement. 
v     =  V/bjd  =  Unit  vertical  shearing  stress. 

d    =  Depth  from  compressive  face  to  c.  g.  of  tensile  steel  in  inches. 

b     =  Breadth  of  beam. 

b1    =  Breadth  of  stem  of  T-beam  or  web  of  I-beam. 

A  s  =  Area  of  longitudinal  steel. 

Av  =  Area  of  shear  steel  in  section  of  beam  considered. 

j     =  Ratio  of  lever  arm  of  resistance  couple  to  depth  d. 

p    =  As/bd  =  Longitudinal  steel  ratio. 

r     =  Av/ba  =  Shear  steel  ratio. 

a     =  Spacing  of  shear  steel  measured  perpendicular  to  its  direction. 

f'c  =  Ultimate  strength  of  concrete  cylinders  at  28  days  (or  at  time 

of  test  in  considering  test  data). 
fv  —  Tensile  stress  in  web  reinforcement. 
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Except  where  v  is  noted  as  the  unit  punching  shearing  stress,  it  is 
used  as  a  shearing  stress  index  governing  the  value  of  the  diagonal  tension 
in  the  web  as  is  the  present  common  practice. 

(b)  All  allowances  for  design  unit  shearing  stresses  in  the  following 
sections  are  predicated  on  proper  design  of  the  longitudinal  reinforcement 
to  effectively  resist  all  positive  and  negative  moments,  as  prescribed  in 
other  sections  of  these  standards.  Wherever  web  reinforcement  is  used 
it  must  be  adequately  anchored  at  both  ends. 

(c)  Members  with  Web  Reinforcement. — When  adequate  mechanical 
anchorage  of  both  web  and  longitudinal  rods  is  provided,  the  concrete 
may  be  figured  to  carry  a  unit  vertical  shearing  stress  equal  to  0.025/'c 
and  the  remainder  of  the  shear  shall  be  carried  by  web  bars  designed 
according  to  the  formula: 

fvjd 

Properly  anchored  bent-up  longitudinal  bars  may  be  considered  as 
web  reinforcement. 

The  maximum  unit  shearing  stress  shall  not  exceed  0.12/'c  in  any 
case. 

(d)  When  adequate  mechanical  anchorage  of  the  longitudinal  rods 
as  defined  in  the  next  paragraph  is  not  provided,  the  maximum  unit 
shearing  stress  shall  not  exceed  0.06/'c,  of  which  0.02/'c  may  be  considered 
to  be  taken  by  the  concrete  and  the  remainder  of  the  shear  taken  by  the 
web  bars  designed  as  above.  Web  rods  must  be  adequately  anchored  in 
all  cases. 

(e)  Adequate  mechanical  anchorage  of  the  bottom  longitudinal  steel 
for  positive  moments  shall  consist  of  carrying  the  reinforcement  a  suffi- 
cient distance  beyond  the  point  of  inflection  to  develop  the  assumed 
tension  in  the  reinforcement  at  the  point  of  inflection  by  bond  between 
the  end  of  the  bar  and  the  point  of  inflection  of  the  member  (never  to  a 
less  distance  than  one  inch  from  the  center  of  the  support  or  in  case  of 
wide  supports  to  not  less  than  12  in.  of  embedment  in  the  support),  or 
of  bending  the  end  of  the  bars  over  the  support  to  a  half  circle  of  diameter 
not  less  than  8  times  the  diameter  of  the  bar,  or  by  any  device  that  will 
transmit  the  tension  on  the  bar  to  the  concrete  over  the  support  at  a 
compressive  stress  of  not  over  0.50/V  The  tension  in  the  bar,  at  the 
point  of  inflection  to  be  resisted  by  the  anchorage,  shall  be  taken  for  this 
computation  as  not  less  than  one-third  of  the  maximum  safe  tension  in 
the  bar.  Reinforcement  for  negative  moment  shall  be  thoroughly 
anchored  at  the  support  and  extend  into  the  span  a  sufficient  distance  to 
adequately  provide  for  negative  tension  by  bond.  Simply  supported 
beams  shall  have  the  longitudinal  steel  anchored  by  hooks  of  diameter 
specified  above  or  by  an  equivalent  anchorage,  the  tensile  stress  at  the 
edge  of  the  support  being  taken  as  one-third  of  the  maximum  safe  tension 
in  the  bar.     (Figs.  1,  2  and  3.) 

(/)  Anchorage  of  the  web  steel  shall  consist  of  continuity  of  the  web 
member  with  the  longitudinal  member,  or  of  carrying  the  web  member 
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about  at  least  two  sides  of  a  longitudinal  bar  at  both  ends,  or  of  carrying 
the  web  member  about  at  least  two  sides  of  a  longitudinal  member  at 
one  end  and  making  a  half  circular  hook  at  the  other  end  of  a  diameter 
not  less  than  eight  times  the  diameter  of  the  web  rod.  In  all  cases,  the 
bent  ends  of  web  bars  shall  extend  at  least  eight  diameters  below  or  above 
the  point  of  extreme  height  or  depth  of  the  bar.  In  case  the  end  anchor- 
age is  not  in  bearing  on  other  reinforcing  steel,  the  anchorage  shall  be 
such  as  to  engage  an  adequate  amount  of  concrete  to  prevent  the  bar 
from  pulling  off  a  portion  of  the  concrete.  In  all  cases  the  stirrups  shall 
be  carried  as  close  to  the  upper  end  lower  surfaces  as  fireproofing  require- 
ments will  permit.  The  size  of  web  reinforcing  bars  which  are  not  either 
a  part  of  the  longitudinal  steel  or  welded  thereto  shall  be  such  that  not 
less  than  two-fifths  of  the  maximum  design  tensile  stress  in  the  bar  may 
be  developed  at  design  bond  stresses  in  a  length  of  rod  equal  to  OAd, 
This  condition  is  satisfied  for  plain  round  stirrups  when  the  diameter  of 
the  bar  does  not  exceed  d/50  The  balance  of  the  tensile  stress  in  the 
bar  may  be  considered  as  taken  by  adequate  end  anchorage  as  specified 
above.     (Fig.  4.) 

(g)  Beams  in  which  no  longitudinal  reinforcement  is  provided  in  the 
upper  portion  of  the  beam  adjacent  to  the  support  and  in  which  the  ends 
of  the  beam  are  built  monolithic  with  other  parts  of  the  concrete  structure, 
shall  not  carry  a  unit  shearing  stress  in  excess  of  0.02/'c,  regardless  of 
amount  of  web  reinforcement  provided.     (Fig.  5.) 

(h)  When  the  shear  reinforcement  consists  of  bars  bent  up  at  an 
angle  so  as  to  reinforce  all  sections  of  the  beam  in  which  the  unit  shearing 
stress  exceeds  0.02/'c  the  design  may  be  made  as  follows: 
AJV  =  V  sec  a. 
Where  Av  =  Area  of  bent  up  shear  bars. 
/„    =  Stress  in  bent  up  shear  bars. 

V    =  Total  shear  at  end  of  span  as  prescribed  for  moment 
less  the  shearing  resistance  of  the  concrete  at  a 
unit  stress  of  0.02/'c  over  the  area  b'jd 
a    =  Angle  between  bent  up  rod  and  the  vertical.     (Fig.  6.)        y^ 

The  maximum  unit  shearing  stress  shall  not  exceed  0.06  f'c  with  this 
arrangement  of  web  steel  and  the  longitudinal  steel  shall  be  adequately 
anchored  as  defined  above  in  all  cases. 

00  In  case  the  web  reinforcement  consists  solely  of  inclined  shear 
bars  the  first  bent  bar  shall  bend  downward  from  the  plane  of  the  upper 
reinforcement  directly  over  or  within  the  edge  of  the  support. 

0')  Where  additional  web  reinforcement  is  provided  the  same  may 
be  figured  in  accordance  with  Section  44  (c).  The  total  shearing  resist- 
ance of  the  beam  shall  be  taken  as  the  sum  of  the  resistances  under 
Section  44  (c)  and  44  (h). 

(k)  Beams  without  Web  Reinforcement. — When  the  longitudinal  steel 
is  not  fully  anchored,  as  prescribed  above,  the  unit  shearing  stress  shall 
not  exceed  0.02/'c.  When  the  longitudinal  steel  is  fully  anchored,  as  pre- 
scribed above,  the  unit  shearing  stress  shall  not  exceed  0.03/'c. 
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(I)  Critical  Section  for  Shear  in  Beams. — The  critical  section  for  shear 
as  governing  diagonal  tension  shall  be  taken  at  a  distance  not  greater 
than  one-half  the  effective  depth  of  the  beam  i}Afl),  from  the  end  of  the 
span  as  prescribed  for  moment. 

The  effective  depth  of  the  critical  section  for  shear  as  governing 
diagonal  tension  shall  be  taken  as  the  depth  jd  of  the  beam  in  the  plane 
of  the  critical  section. 

The  breadth  of  the  critical  section  shall  be  the  full  breadth  of  rec- 
tangular beams  or  the  breadth  of  the  stem  of  T-beams  or  the  thickness 
of  the  web  in  beams  of  I  section. 
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(m)  Tile  and  Concrete  Joist  Construction  .—The  shearing  stresses  in 
tile  and  concrete  joist  construction  shall  not  exceed  those  in  beams  or 
slabs  of  similar  reinforcement.  The  breadth  of  the  effective  section  for 
shear,  as  governing  diagonal  tension,  may  be  taken  as  the  thickness  of 
the  concrete  joist  plus  one-half  the  thickness  of  the  vertical  webs  of  the 
tile,  provided  that  the  joints  in  one  row  come  opposite  the  centers  of  tile 
in  adjoining  rows  on  either  side. 

Where  the  tile  joints  are  not  staggered,  only  the  concrete  joists  may 
be  considered  effective  in  resisting  shear. 

(n)  Flat-Slab  Construction. — -In  flat-slab  construction  where  a  drop 
panel  is  used  adjoining  the  column,  the  shearing  stress,  as  governing 
diagonal  tension,  figures  on  the  jd  depth  on  a  vertical  section  along  the 
periphery  of  the  drop,  shall  not  exceed  0,03/'c.     (See  Fig.  7.) 
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(o)  In-flat  slab  construction,  with  or  without  drop  panels,  the  shear- 
ing stress,  as  governing  diagonal  tension,  figured  between  the  compres- 
sion face  of  the  slab  or  drop  and  the  level  of  the  center  of  gravity  of  the 
reinforcing  steel,  on  the  surface  of  the  frustum  of  a  cone  or  pyramid 
passing  through  the  periphery  of  the  column  capital  and  having  a  base 
angle  of  45  degrees,  shall  not  exceed  0.035/V 

(p)  Footings. — In  footings  carrying  a  single  column  or  load,  the 
shearing  stress,  as  governing  diagonal  tension,  figured  between  the  level 
of  the  centroid  of  the  compressive  stresses  and  the  level  of  the  center  of 
gravity  of  the  reinforcing  steel  on  the  surface  of  the  frustum  of  a  cone  or 
pyramid  passing  through  the  base  of  the  supported  column  or  loaded 
member  and  having  a  base  angle  of  45  degrees  the  unit  stresses  shall  not 
exceed  those  in  beams  without  web  reinforcement.  Especial  attention 
shall  be  given  to  bond  in  footings.  The  total  vertical  shear  on  this  section 
shall  be  taken  as  the  upward  pressure  on  the  area  of  the  footing  outside 
the  base  of  this  section. 

(q)  If  adequate  anchorage  is  provided  for  the  tensile  steel  and  ade- 
quately anchored  web  reinforcement  is  also  provided  such  web  reinforce- 
ment may  be  figured  in  accordance  with  the  formula  given  in  Section  44  (c) 
above.  Such  calculations  may  be  made  for  vertical  sections  concentric 
with  the  supported  column. 

(r)  For  footings  supporting  two  or  more  columns,  the  shearing  stresses 
shall  be  figured  as  for  beams  or  slabs. 

(s)  Arrangement  of  Web  Reinforcement. — The  spacing  of  web  rein- 
forcement as  measured  perpendicular  to  their  direction  shall  not  exceed 
3d/4  in  any  case  where  web  reinforcement  is  necessary.  Where  vertical 
stirrups  or  web  members  inclined  less  than  30  degrees  to  the  vertical  are 
used,  the  spacing  shall  not  exceed  d/2.  When  the  unit  shearing  stress 
exceeds  0.06f'c  the  spacing  of  the  web  reinforcement  shall  not  exceed  d/2 
in  any  case,  nor  d/S  for  vertical  stirrups  or  web  steel  inclined  less  than 
30  degrees  with  the  vertical. 

The  first  vertical  stirrup  shall  be  placed  not  father  than  d/2  from  the 
face  of  the  support  in  any  case.  The  first  inclined  stirrup  or  bent-up 
rod  shall  reach  the  level  of  the  upper  longitudinal  steel  at  a  distance  not 
greater  than  d/2  from  the  edge  of  the  support  if  the  bottom  longitudinal 
steel  is  adequately  anchored  and  at  the  edge  of  the  web  support  if  the 
longitudinal  steel  is  not  anchored.  Web  members  may  be  placed  at  any 
angle  between  0  and  60  degrees  with  the  vertical,  provided  that,  if  inclined, 
they  shall  be  inclined  in  the  proper  direction  to  take  tension,  rather  than 
compression,  in  the  web. 

(t)  Punching  Shear. — Punching  shear  shall  be  figured  on  a  vertical 
section  through  the  periphery  of  the  smaller  member.  The  unit  shearing 
stress  in  punching  shear,  figured  on  the  full  depth  d  to  the  center  of  gravity 
of  the  reinforcement,  shall  not.  exceed  0.1/'c. 

(u)  When  the  depth  of  the  supported  or  supporting  member  is  less 
than  one-fifteenth  of  the  span  in  the  case  of  beams  or  slabs,  or  less  than 
one-third  of  the  overhang  in  the  case  of  cantilevers  (including  footings), 
the  unit  shearing  stress  in  punching  shear  shall  not  exceed  0.06/V 
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45.  Wherever  floors  are  built  with  a  combination  of  tile  or  other  fillers 
between  reinforced-concrete  joists,  the  following  rules  regarding  the  dimen- 
sions and  methods  of  calculations  of  construction  shall  be  observed: 

(a)  Wherever  a  portion  of  the  slab  above  the  fillers  is  considered  as 
acting  as  a  T-beam  section,  the  slab  portion  must  be  cast  monolithic  with 
the  joist  and  have  a  minimum  thickness  of  two  (2)  in. 
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(b)  Wherever  porous  fillers  are  used  which  will  absorb  water  from 
the  concrete,  care  must  be  taken  thoroughly  to  saturate  same  before 
concrete  is  placed. 

(c)  All  regulations  given  above  for  beam  and  girder  floors  shall 
apply  to  tile  and  joist  floors. 

(d)  The  sections  of  fillers  shall  be  together  and  all  joints  reasonably 
tight  before  concrete  is  placed, 
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46.  Continuous  flat-slab  floors,  reinforced  with  steel  rods  or  mesh  and  Flat-Slab  or 
supported  on  spaced  columns  in  orderly  arrangement,  shall  conform  to  the 
following  requirements : 

(a)  Notation  and  N omenclature.—ln  the  formula  let 

iv  =  total  dead-and-hve-load  in  pounds  per  square  foot  of  floors. 
l\  —  span  in  feet  center  to  center  of  columns  parallel  to  sections 

on  which  moments  are  considered. 
l>  —  span  in  feet  center  to  center  of  columns  perpendicular  to 

sections  on  which  moments  are  considered. 
c   —  average  diameter  of  column  capital  in  feet  at  plane  where 

its  thickness  is  \Yi  hi. 
q   =  distance  from  center  line  of  the  capital  to  the  center  of 
gravity  of  the  periphery  of  the  half  capital  divided  by 
Yic.     For  round  capitals  q  may  be  considered  as  two- 
thirds  and  for  square  capitals  as  three-quarters. 
t    =  total  slab  thickness  in  inches. 

L  =  average  span  in  feet  center  to  center  of  columns,  but  not 
less  than  0.9  of  the  greater  span. 
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The  column  head  section,  mid  section,  outer  section,  and  inner 
section  are  located  and  dimensioned  as  shown  in  Fig.  9.  Corresponding 
moments  shall  be  figured  on  similar  sections  at  right  angles  to  those 
shown  in  Fig.  9. 

(6)  Structural  Variations.— Flat-slab  floors  may  be  built  with  or 
without  caps,  drops  or  paneled  ceilings.  These  terms  are  illustrated  in 
Fig.  10. 

Where  caps  are  employed  they  shall  be  considered  a  part  of  the 
columns  and  the  column  capital  dimension  c  shall  be  found  by  extending 
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Fiat  Slabs  the  lines  of  the  capital  to  an  intersection  with  the  plane  of  the  under 

surface  of  the  slab  as  indicated  in  Fig.  106.  The  cap  shall  be  large 
enough  to  enclose  this  extension  of  the  capital  lines. 

The  column  capital  profile  shall  not  fall  at  any  point  inside  an 
inverted  cone  drawn,  as  shown  in  Fig.  10a,  from  the  periphery  of  the 
designed  capital  of  diameter  c  and  with  a  base  angle  of  45  degrees.  The 
diameter  of  the  designed  capital  c  shall  be  taken  where  the  vertical 
thickness  of  the  column  capital  is  at  least  \Yl  in. 

The  drop,  where  used,  shall  not  be  less  than  0.3  L  in  width. 

Where  paneled  ceilings  are  used  the  paneling  shall  not  exceed  one- 
half  of  the  slab  thickness  in  depth  and  the  dimension  of  the  paneling 
shall  not  exceed  0.8  of  the  panel  dimension.     (See  Fig.  10c.) 

(c)  Slab  Thickness. — The  slab  thickness  shall  not  be  less  than 
<=0.02LVm>  +  1  in. 

In  no  case  shall  the  slab  thickness  be  less  than  ^L  for  floor  slabs 
nor  less  than  -j^L  for  roof  slabs. 

(d)  Design    Moments. — The    numerical    sum    of    the    positive    and 
'negative  moments  in  foot  pounds  shall  not  be  less  than  0.09  wl\  ih  —  qc)2. 

Of  this  total  amount  not  less  than  40  per  cent  shall  be  resisted  in  the 
column  head  sections.  Where  a  drop  is  used,  not  less  than  50  per  cent 
shall  be  resisted  in  the  column  head  sections. 

Of  the  total  amount  not  less  than  10  per  cent  shall  be  resisted  in 
the  mid  section. 

Of  the  total  amount  not  less  than  18  per  cent  shall  be  resisted  in 
the  outer  section. 

Of  the  total  amount  not  less  than  12  per  cent  shall  be  resisted  on 
the  inner  sections. 

The  balance  of  the  moment  shall  be  distributed  between  the  various 
sections  as  required  by  the  physical  details  and  dimensions  of  the  par- 
ticular design  employed. 

(e)  Exterior  Panels. — The  negative  moments  at  the  first  interior 
row  of  columns  and  the  positive  moments  at  the  center  of  the  exterior 
panel  on  sections  parallel  to  the  wall,  shall  be  increased  20  per  cent  over 
those  specified  above  for  interior  panels.  If  girders  are  not  provided 
long  the  column  line,  the  reinforcement  parallel  to  the  wall  for  negative 
moment  in  the  column  head  section  and  for  positive  moment  in  the  outer 
section  adjacent  to  the  wall,  shall  be  altered  in  accordance  with  the 
change  in  the  value  of  c.  The  negative  moment  on  sections  at  the  wall 
and  parallel  thereto  should  be  determined  by  the  conditions  of  restraint, 
but  must  never  be  taken  less  than  80  per  cent  of  those  for  the  interior 
panels. 

(/)  Reinforcement. — In  the  calculation  of  moments  all  the  reinforcing 
bars  which  cross  the  section  under  consideration  and  which  fulfil  the 
requirements  given  under  ''Arrangement  of  Reinforcement"  may  be 
used.  For  a  column  head  section  reinforcing  bars  parallel  to  the  straight 
portion  of  the  section  do  not  contribute  to  the  negative  resisting  moment 
for  the  column  head  section  in  question.     The  sectional  area  of  bars, 
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crossing  the  section  at  an  angle,  multiplied  by  the  sine  of  the  angle  Flat  Slabs 
between  these  bars  and  the  straight  portion  of  the  section  under  con- 
sideration may  be  taken  to  act  as  reinforcement  in  a  rectangular  direction. 
Calculations  for  shearing  stress  shall  be  made  in  accordance  with  Sec- 
tion 44. 

(g)  Point  of  Inflection.— For  the  purpose  of  making  calculations  of 
moment  at  sections  away  from  the  sections  of  negative  moment  and 
positive  moment  already  specified,  the  point  of  inflection  shall  be  taken 
at  a  distance  from  center  line  of  columns  equal  to  }i  (h  —  qc)  +  }4qc. 
This  becomes  }i  (h+c)  where  capital  is  circular.  For  slabs  having 
drop  panels  the  coefficient  of  x/i  should  be  used  instead  of  3^- 

(h)  Arrangement  of  Reinforcement. — The  design  should  include 
adequate  provision  for  securing  the  reinforcement  in  place  so  as  to  take 
not  only  the  maximum  moments  but  the  moments  of  intermediate  sec- 
tions. If  bars  are  extended  beyond  the  column  capital  and  are  used  to 
take  the  bending  moment  on  the  opposite  side  of  the  column,  they  must 
extend  to  the  point  of  inflection.  Bars  in  diagonal  bands  used  as  rein- 
forcement for  negative  moment  should  extend  on  each  side  of  the  line 
drawn  through  the  column  center  at  right  angles  to  the  direction  of  the 
band  a  distance  equal  to  0.35  of  the  panel  length,  and  bars  in  the  diagonal 
bands  used  as  reinforcement  for  positive  moment,  should  extend  on 
each  side  of  the  diagonal  through  the  center  of  the  panel  a  distance 
equal  to  0.35  of  the  panel  length.  Bars  spliced  by  lapping  and  counted 
as  only  one  bar  in  tension  shall  be  lapped  not  less  than  80  diameters  if 
splice  is  made  at  point  of  maximum  stress  and  not  more  than  50  per  cent 
of  the  rods  shall  be  so  spliced  at  any  point  in  any  single  band  or  in  any 
single  region  of  tensile  stress.  Continuous  bars  shall  not  all  be  bent 
up  at  the  same  point  of  their  length,  but  the  zone  in  which  this  bending, 
occurs  should  extend  on  each  side  of  the  assumed  point  of  inflection. 

(i)  Tensile  and  Compressive  Stresses. — The  usual  method  of  calcu- 
lating the  tensile  and  compressive  stresses  in  the  concrete  and  in  the 
reinforcement,  based  on  the  assumptions  for  internal  stresses,  should  be 
followed.  In  the  case  of  the  drop  panel,  the  section  of  the  slab  and 
drop  panel  may  be  considered  to  act  integrally  for  a  width  equal  to  a 
width  of  the  column  head  section.  Within  the  column  head  section  the 
allowable  compression  may  be  increased  as  prescribed  in  Section  41  for 
continuous  members. 

0)  Provision  for  Diagonal  Tension  and  Shear. — In  calculations  for 

the  shearing  stress  which  is  to  be  used  as  the  means  for  measuring  the 

resistance  to  diagonal  tension  stress,  it  shall  be  assumed  that  the  total 

vertical  shear  on  a  column  head  section  constituting  a  width  equal  to 

one-half  the  lateral  dimension  of  the  panel,  for  use  in  determining  critical 

shearing  stresses,  shall  be  considered  to  be  one-fourth  of  the  total  dead- 

and-live-load  on  a  panel  for  a  slab  of  uniform  thickness,  and  to  be  0.3 

of  the  sum  of  the  dead-  and  live-loads  on  a  panel  for  a  slab  with  drop 

0.25  W 
panels.      The  formula  for  shearing  unit  stress  shall  be  v  —  for 

bjd 
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Flat  Slabs  slabs  of  uniform  thickness  and  v  = for  slabs  with  drop  panels, 

(cont'd).  bjd 

where  W  is  the  sum  of  the  dead-and-live-load  on  a  panel,  b  is  half  the 

lateral  dimension  of  the  panel  measured  from  center  to  center  of  columns, 

and  jd  is  the  lever  arm  of  the  resisting  couple  at  the  section. 

The  calculation  for  punching  shear  shall  be  made  on  the  assumption 
of  a  uniform  distribution  over  the  section  of  the  slab  around  the  periphery 
of  the  column  capital  and  also  of  a  uniform  distribution  over  the  section 
of  the  slab  around  the  periphery  of  the  drop  panel,  using  in  each  case  an 
amount  of  vertical  shear  greater  by  25  per  cent  than  the  total  vertical 
■  shear  on  the  section  under  consideration. 

The  values  of  working  stresses  should  be  those  recommended  for 
diagonal  tension  and  shear  in  Section  44. 

(k)  Walls  and  Openings. — Additional  slab  thickness,  girders,  or 
beams  shall  be  provided  to  carry  walls  and  other  concentrated  loads 
which  are  in  excess  of  the  working  capacity  of  the  slab.  Beams  should 
also  be  provided  in  case  openings  in  the  floor  reduce  the  working  strength 
of  the  slab  below  the  required  carrying  capacity.  Where  lintels  are  used 
with  flat-slab  construction  the  depth  of  the  lintels  being  greater  than  the 
combined  depth  of  the  slab  and  depressed  panel,  they  shall  be  designed 
to  carry  a  uniformly  distributed  load  equal  to  ^  of  the  total  panel  load 
in  addition  to  any  other  loads  superimposed  upon  the  lintel  and  the 
dead  weight  of  the  lintel. 

(I)  Unusual  Panels. — The  coefficients,  steel  distribution,  and  thick- 
nesses recommended  are  for  slabs  which  have  three  or  more  rows  of 
panels  in  each  direction  and  in  which  the  sizes  of  the  panels  are  approxi- 
mately the  same.  For  structures  having  a  width  of  one  or  two  panels, 
and  also  for  slabs  having  panels  of  markedly  different  sizes,  an  analysis 
should  be  made  of  the  moments  developed  in  both  slab  and  columns  and 
the  values  given  herein  modified  accordingly. 

(m)  Oblong  Panels. — The  requirements  of  design  herein  given  for  flat 
slab  floors  do  not  apply  for  oblong  panels  where  the  long  side  is  more 
than  four-thirds  of  the  short  side. 

(n)  Bending  Moments  in  Columns. — Provision  shall  be  made  in  both 
wall  columns  and  interior  columns  for  the  bending  moment  which  will 
be  developed  by  unequally  loaded  panels,  eccentric  loading,  or  uneven 
spacing  of  columns.  The  amount  of  moment  to  be  taken  by  a  column 
will  depend  on  the  relative  stiffness  of  columns  and  slab,  and  computa- 
tions may  be  made  by  rational  methods  such  as  the  principle  of  least 
work  or  of  slope  and  deflection.  Generally  the  largest  part  of  the  unequal- 
ized  negative  moment  will  be  transmitted  to  the  columns  and  the  columns 
shall  be  designed  to  resist  this  bending  moment.  Especial  attention  shall 
be  given  to  wall  columns  and  corner  columns.  Column  capitals  shall  be 
designed,  and  reinforced  where  necessary,  with  these  conditions  in  mind. 

The  resistance  of  any  wall  column  to  bending  in  a  direction  perpen- 
dicular to  the  wall  shall  be  not  less  than  0.04  wl\  (h—qc)2  in  which  U 
is  the  panel  dimension  perpendicular  to  the  wall.     The  moment  in  such 
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wall  column  may  be  reduced  by  the  balancing  moment  of  the  weight  of  Flat  S1£bs 
the  structure  which  projects  beyond  the  center  line  of  the  supporting 
wall  column. 

Where  the  column  extends  through  the  story  above,  the  resisting 
moment  shall  be  divided  between  the  upper  and  the  lower  columns  in 
proportion  to  their  stiffness.  Calculated  combined  stresses  due  to 
bending  and  direct  load  shall  not  exceed  by  more  than  50  per  cent  the 
stresses  allowed  for  direct  load. 

47.  Reinforced-concrete  columns,   for  the  working  stresses  hereinafter  columns — 
specified,  shall  have  a  gross  width  or  diameter  not  less  than  one-fifteenth  of  General- 
the  unsupported  height  nor  less  than  twelve  (12)  in.     All  vertical  reinforce- 
ment shall  be  secured  against  lateral  displacement  by  steel  ties  not  less  than 

\i  in.  in  diameter,  placed  not  farther  apart  than  15  diameters  of  the  vertical 
rods  or  more  than  12  in. 

For  columns  supporting  flat-slab  floors  or  roofs,  the  diameter  shall  be 
not  less  than  one-thirteenth  of  the  distance  between  columns. 

The  length  of  columns  shall  be  taken  as  the  maximum  unstayed  length. 

48.  For  columns  having  not  less  than  0.5  per  cent  nor  more  than  4  per  Columns  with 
cent  of  vertical  reinforcement,  the  allowable  working  unit  stress  for  the  net  Reinforcement. 
section  of  the  concrete  shall  be  25  per  cent  of  the  compressive  strength  specified 

in  Section  40,  and  the  working  unit  stress  for  the  steel  shall  be  based  upon  the 
ratio  of  the  moduli  of  elasticity  of  the  concrete  and  steel.  Concrete  to  a  depth 
of  \Yi  in.  shall  be  considered  as  protective  covering  and  not  a  part  of  the 
net  section. 

49.  Columns,  having  not  less  than  1  per  cent  nor  more  than  4  per  cent  Columns  with 
of  vertical  reinforcement  and  not  less  than  0.5  per  cent  nor  more  than  2  per  and  Lateral 
cent  of  lateral  reinforcement  in  the  form  of  hoops  or  spirals  spaced  not  farther  Remforcement° 
apart  than  one-sixth  of  the  outside  diameter  of  the  hoops  or  spirals  nor  more 

than  3  in.  shall  have  an  allowable  working  unit  stress  for  the  concrete  within 
the  outside  diameter  of  the  hoops  or  spirals  equal  to  25  per  cent  of  the  com- 
pressive strength  of  the  concrete,  as  given  in  Section  40,  and  a  working  unit 
stress  on  the  vertical  reinforcement  equal  to  the  working  value  of  the  concrete 
multiplied  by  the  ratio  of  the  specified  moduli  of  elasticity  of  the  steel  and 
concrete,  and  a  working  load  for  the  hoops  or  spirals  determined  by  considering 
the  steel  in  hoops  or  spirals  as  four  times  as  effective  as  longitudinal  rein- 
forcing steel  of  equal  volume.  The  percentage  of  lateral  reinforcement  shall 
be  taken  as  the  volume  of  the  hoops  or  spirals  divided  by  the  volume  of  the 
enclosed  concrete  in  a  unit  length  of  column.  The  hoops  or  spirals  shall  be 
rigidly  secured  at  each  intersection  to  at  least  four  (4)  verticals  to  insure 
uniform  spacing.  The  percentage  of  longitudinal  reinforcement  used  shall 
be  not  less  than  the  percentage  of  the  lateral  reinforcement.  Spirals  shall  be 
manufactured  of  steel  having  a  yield  point  of  not  less  than  50,000  lb.-  per  sq.  in. 

50.  For  steel  columns  filled  with  concrete  and  encased  in  a  shell  of  con- 
crete at  least  3  in.  thick,  where  the  steel  is  calculated  to  carry  the  entire  load, 
the  allowable  stress  per  square  inch  shall  be  determined  by  the  following 

L 
formula:     18,000  —  70-,  but  shall  not    exceed  16,000   lb. —where   L  =  un- 
it 
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Footings — 
General. 


Punching  Shear 
in  Footings. 
Diagonal  Tension 
in  Footings. 
Bending  Moment 
in  Footings. 


Bond  Stresses 
in  Footings. 

Walls — General. 


Exterior  Walls. 


Protection. 


supported  length  in  inches  and  R  =  least  radius  of  gyration  of  steel  section 
in  inches.  The  concrete  shell  shall  be  reinforced  with  wire  mesh  or  hoop 
weighing  at  least  0.2  lb.  per  sq.  ft.  of  surface  of  shell. 

When  the  details  of  the  structural  steel  are  such  as  to  fully  enclose  or 
encase  the  concrete,  or  where  a  spiral  of  not  less  than  one-half  of  1  per  cent 
of  the  core  area,  and  with  a  pitch  of  not  more  than  three  inches  is  provided 
for  this  purpose,  the  concrete  inside  the  column  core  or  spiral  may  be  loaded 
to  not  more  than  25  per  cent  of  the  ultimate  strength  specified  in  Section 
40,  in  addition  to  the  load  on  the  steel  column  figured  as  above. 

Composite  columns  having  a  cast  iron  core  or  center  surrounded  by  con- 
crete which  is  enclosed  in  a  spiral  of  not  less  than  one-half  of  1  per  cent  of 
the  core  area,  and  with  a  pitch  of  not  more  than  three  inches,  may  be  figured 
for  a  stress  of  12,000  —  60  L/R,  but  not  over  10,000  lb.  per  sq.  in.  on  the 
cast  iron  section  and  of  not  more  than  25  per  cent  of  the  compressive  strength 
specified  in  Section  40  on  the  concrete  within  the  spiral  or  core.  The  diameter 
of  the  cast  iron  core  shall  not  exceed  one-half  of  the  diameter  of  the  spiral. 

51.  Symmetrical,  concentric  column  footings  shall  be  designed  for 
punching  shear,  diagonal  tension,  and  bending  moment. 

52.  Punching  shear  shall  be  figured  in  accordance  with  Section  44. 

53.  Shearing  stresses  shall  be  figured  in  accordance  with  Section  44. 

54.  The  bending  moment  in  isolated  column  footings  at  a  section  taken 
at  edge  of  pier  or  column  shall  be  determined  by  multiplying  the  load  on  the 
quarter  footing  (after  deducting  the  quarter  pier  or  column  area)  by  six-tenths 
of  the  distance  from  the  edge  of  pier  or  column  to  the  edge  of  footing.  The 
effective  area  of  concrete  and  steel  to  resist  bending  moment  shall  be  considered 
as  that  within  a  width  extending  both  sides  of  pier  or  column,  a  distance  equal 
to  depth  of  footing  plus  one-half  the  remaining  distance  to  edge  of  footing, 
except  that  reinforcing  steel  crossing  the  section  other  than  at  right  angles, 
shall  be  considered  to  have  an  effective  area  determined  by  multiplying  the 
section  area  by  the  line  of  the  angle  between  the  bar  and  the  plane  of  section. 

55.  In  designing  footings,  careful  consideration  must  be  given  to  the  bond 
stresses  which  will  occur  between  the  reinforcing  steel  and  the  concrete. 

56.  Walls  shall  be  reinforced  by  steel  rods  running  horizontally  and  ver- 
tically. Walls  having  an  unsupported  height  not  exceeding  fifteen  times  the 
thickness  may  be  figured  the  same  as  columns.  Walls  having  an  unsupported 
height  not  more  than  twenty-five  times  the  thickness  may  be  figured  to  carry 
safely  a  working  stress  of  123^  per  cent  of  the  compressive  strength  specified 
in  Section  40. 

57.  Exterior  walls  shall  be  designed  to  withstand  wind  loads  or  loads 
from  backfill.     The  thickness  -of  wall  shall  in  no  case  be  less  than  4  in. 

58.  The  reinforcement  in  columns  and  girders  shall  be  protected  by 
minimum  thickness  of  2  in.  of  concrete;  in  beams  and  walls  by  a  minimum 
of  1H  iQ.;  in  floor  slabs  by  a  minimum  of  %  in.;  in  footings  by  a  minimum  of 
3  in. 
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STANDARD  NO.  25. 

STANDARD  RECOMMENDED  PRACTICE  FOR  PORTLAND   CEMENT 

STUCCO.* 

General  Requirements 

1.1  Design. — Whenever  the  design  of  the  structure  permits,  an 
overhanging  roof  or  similar  projection  is  recommended  to  afford  pro- 
tection to  the  stucco.  Stuccoed  copings,  cornices  and  other  exposed 
horizontal  surfaces  should  be  avoided  whenever  possible.  All  exposed 
stuccoed  surfaces  should  shed  water  quickly,  and  whenever  departure 
from  the  vertical  is  necessary,  as  at  water  tables,  belt  courses,  and 
the  like,  the  greatest  possible  slope  should  be  detailed.  Stucco  should 
not  be  run  to  the  ground  whenever  other  treatment  is  possible.  Should 
the  design  of  the  structure  require  this  treatment,  the  backing  should 
be  of  tile,  brick,  stone,  or  concrete,  providing  good  mechanical  bond 
for  the  stucco,  and  should  be  thoroughly  cleaned  before  plastering. 
Unless  special  care  is  taken  to  thoroughly  clean  the  base  and  each 
plaster  coat  from  dirt  and  splash  before  the  succeeding  coat  is  applied, 
failure  of  the  stucco  may  be  expected. 

2.  Flashing. — Suitable  flashing  should  be  provided  over  all  door 
and  window  openings  wherever  projecting  wood  trim  occurs.  Wall 
copings,  cornices,  rails,  chimney  caps,  etc.,  should  be  built  of  con- 
crete, stone,  terra  cotta,  or  metal  with  ample  overhanging  drip  groove 
or  lip,  and  water-tight  joints.  If  copings  are  set  in  blocks  with 
mortar  joints,  continuous  flashing  should  extend  across  the  wall  below 
the  coping  and  project  beyond  and  form  an  inconspicuous  lip  over 
the  upper  edge  of  the  stucco.  Continuous  flashing  with  similar  pro- 
jecting lip  should  be  provided  under  brick  sills.  This  flashing  should 
be  so  installed  as  to  insure  absolute  protection  against  interior 
leakage.  Cornices  set  with  mortar  joint  should  be  provided  with 
flashing  over  the  top.  Sills  should  project  well  from  the  face  of  the 
stucco  and  be  provided  with  drip  grooves  or  flashing  as  described 
above  for  brick  sills.  Sills  should  also  be  provided  with  stools  or  jamb 
seats  to  insure  wash  of  water  over  the  face  and  not  over  the  ends. 
Special  attention  should  be  given  to  the  design  of  gutters  and  down 
spouts  at  returns  of  porch  roofs  where  overflow  will  result  in  dis- 
coloration and  cracking.  A  2-inch  strip  should  be  provided  at  the 
intersection  of  walls  and  sloping  roofs  and  flashing  extended  up  and 
over  it,  the  stucco  being  brought  down  to  the  top  of  the  strip. 

3.  Preparation  of  Original  Surface. — All  roof  gutters  should  be 
fixed,  and  downspout  hangers  and  all  other  fixed  supports  should  be 
put  in  place  before  the  plastering  is  done,  in  order  to  avoid  breaks  in 
the  stucco. 

Metal  lath  and  wood  lath  should  be  stopped  not  less  than  6  inches 
above  grade  to  be  free  from  ground  moisture. 

All  trim  should  be  placed  in  such  manner  that  it  will  show  its 
proper  projection  in  relation  to  the  finished  stucco  surface,  particularly 
in  overcoating. 


"Adopted  by  letter  ballot  of  the  Institute,  April   17,    1920. 
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The  notes  appearing  on  successive  right-hand  pages 
apply  to  the  respective  left-hand  page  of  the  "Recom- 
mended Practice.''  Both  the  "Recommended  Practice" 
and  the  notes  were  prepared  by  the  Committee  on 
Treatment  of  Concrete  Surfaces. 

Successful  stucco  work  depends  in  large  measure  upon  suitable  design 
of  the  structure  for  stucco.  Exterior  plaster  of  any  kind  merits  whatever 
protection  can  legitimately  be  given  it,  and  while  concession  must  some- 
times be  made  to  architectural  requirements,  there  is  rarely  any  necessity 
for  subjecting  stucco  to  an  exposure  which  it  cannot  reasonably  be  expected 
to  withstand.  Even  where  stucco  will  remain  structurally  sound,  it  is 
sometimes  wiser  to  use  other  treatment  for  the  sake  of  appearance.  For 
example,  it  is  better  not  to  run  stucco  to  grade,  not  only  because  of  the 
danger  from  frost  action,  but  also  to  avoid  staining  of  the  stucco  from 
dirt  and  moisture.  For  the  same  reason  special  attention  should  be  given 
to  details  of  flashing  and  drips,  wherein  a  little  foresight  will  prevent 
much  unsightly  discoloration,  and  possibly  more  serious  defects. 

A  fundamental  rule  in  the  design  of  a  stucco  structure  is  "Keep 
water  from  getting  behind  the  stucco."  The  architect  should  go  even 
further  than  this  and  endeavor  to  keep  any  concentration  of  water  flow 
from  getting  at  the  stucco  at  all.  Real  study  of  methods  of  avoiding  dam- 
aging leaks  and  drips  and  of  providing  properly  for  roof  drainage  will  be 
well  repaid. 

Paragraphs  1  to  3  contain  definite  suggestions  for  stucco  protection. 
These  are  supplemented  on  page  326  by  simple  drawings  which  show  typical 
details  for  such  protection. 
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Masonry  Walls. 

4.  Tile. — Tile  for  exterior  walls  should  preferably  be  not  less  than 
8  inches  thick,  and  should  be  hard-burned,  with  dovetail  or  heavy 
ragged  scoring.  Tile  should  be  set  in  cement  mortar  composed  of  one 
part  cement,  not  more  than  one-fifth  part  hydrated  lime  and  three 
parts  sand,  by  volume.  The  blocks  should  not  vary  more  than  y%  inch 
in  total  thickness  and  should  be  set  with  exterior  faces  in  line.  Joints 
should  not  be  raked,  but  mortar  should  be  cut  back  to  surface. 
Neither  wire  mesh  nor  waterproofing  of  any  type  should  be  applied  to 
tile  walls  before  plastering.  The  surface  of  the  tile  should  be  brushed 
free  from  all  dirt,  dust  and  loose  particles,  and  should  be  wetted  to 
such  a  degree  that  water  will  not  be  rapidly  absorbed  from  the  plaster, 
but  not  to  such  a  degree  that  water  will  remain  standing  on  the  surface 
when  the  plaster  is  applied. 

5.  Brick.- — Surface  brick  should  be  rough,  hard-burned,  commonly 
known  as  arch  brick.  Brick  should  be  set  in  cement  mortar  with  joints 
not  less  than  %  inch  thick,  and  the  mortar  should  be  raked  out  for  at 
least  y%  inch  from  the  face.  The  surface  of  the  brick  should  be 
brushed  free  from  all  dust,  dirt  and  loose  particles,  and  should  be 
wetted  to  such  a  degree  that  water  will  not  be  rapidly  absorbed  from 
the  plaster,  but  not  to  such  a  degree  that  water  will  remain  standing  on 
the  surface  when  the  plaster  is  applied. 

Old  brick  walls  which  are  to  be  overcoated  should  have  all  loose, 
friable,  or  soft  mortar  removed  from  joints,  and  all  dirt  and  foreign 
matter  should  be  removed  by  hacking,  wire  brushing  or  other  effective 
means.  Surfaces  that  have  been  painted  or  waterproofed  should  be 
lathed  with  metal  lath  before  overcoating. 

6.  Concrete. — Monolithic  concrete  walls  should  preferably  be 
rough  and  of  coarse  texture,  rather  than  smooth  and  dense,  for  the 
application  of  stucco.  Walls  of  this  type  should  be  cleaned  and 
roughened,  if  necessary,  by  hacking,  wire  brushing,  or  other  effective 
means.  The  surface  of  the  concrete  should  be  brushed  free  from  all 
dust,  dirt,  and  loose  particles,  and  should  be  wetted  to  such  a  degree 
that  water  will  not  be  rapidly  absorbed  from  the  plaster,  but  not  to 
such  a  degree  that  water  will  remain  standing  on  the  surface  when 
the  plaster  is  applied. 

7.  Concrete  Block. — Concrete  block  for  stucco  walls  should  be 
rough  and  of  coarse  texture,  but  not  weak  or  friable.  Block  should  be 
set  with  cement  mortar  joints,  which  should  be  raked  out  or  cut 
back  even  with  surface.  Before  applying  the  stucco  the  surface 
should  be  brushed  free  from  all  dust,  dirt,  and  loose  particles,  and 
should  be  wetted  to  such  a  degree  that  water  will  not  be  rapidly 
absorbed  from  the  plaster,  but  not  to  such  a  degree  that  water  will 
remain  standing  on  the  surface  when  the  plaster  is  applied. 
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Masonry  Walls 

Buildings  of  hollow  terra  cotta  tile,  brick,  concrete,  concrete  block,  and 
similar  materials,  are  particularly  well  adapted  for  the  application  of  stucco 
because  of  their  rigidity.  This,  however,  depends  upon  good,  solid  footings 
or  foundation,  a  requirement  which  should  be  met  in  all  types  of  stucco 
structures.  Masonry  walls  should  also  provide  a  good  surface  for  the 
bond  or  adhesion  of  the  stucco,  and  wherever  possible  this  bond  should  be 
insured  by  some  form  of  mechanical  key.  For  this  reason  raking  out  the 
joints  in  a  brick  wall  is  recommended  as  an  added  precaution,  and  similarly 
walls  of  concrete  or  concrete  block  should  not  be  too  smooth,  but  preferably 
rough  and  of  coarse  texture. 

It  is  most  important  that  masonry  walls  be  clean  before  the  stucco  is 
applied,  as  otherwise  the  bond  of  the  stucco  cannot  be  relied  upon  to  stand 
the  strain  set  up  by  moisture  and  temperature  changes.  Many  a  failure  of 
stucco  on  masonry  foundations  has  been  attributed  to  frost  action,  when 
the  primary  cause  of  the  failure  has  been  lack  of  care  in  thoroughly  clean- 
ing the  walls  from  dirt.  Without  secure  and  positive  anchorage  under 
such  conditions  the  stucco  cannot  endure. 

Special  attention  should  be  called  to  the  importance  of  properly  wet- 
ting the  surface  of  masonry  walls  just  before  applying  the  stucco.  Too 
dry  a  surface  will  absorb  the  water  from  the  fresh  plaster  coat  before  the 
latter  has  had  time  to  harden  properly.  On  the  other  hand,  a  surface 
completely  saturated  has  lost  all  its  absorptive  power,  or  "suction,"  a  slight 
degree  of  which  is  necessary  for  best  results.  A  moderate  amount  of  suction 
tends  to  draw  the  fine  cement  particles  into  the  pores  and  interstices  of  the 
surface;  upon  this  action  the  bond  of  the  stucco  depends.  If  this  bond  is 
to  be  as  strong  as  possible,  the  surface  should  be  neither  dry  nor  completely 
saturated. 

Wood  lintels  over  openings  in  masonry  walls  should  not  be  used. 

When  old  masonry  walls  are  overcoated  special  attention  is  called  to 
the  necessity  for  obtaining  thorough  cleanliness,  a  good  mechanical  bond, 
and  proper  suction.  When  any  of  these  condition  are  in  doubt  the  walls 
should  be  furred  and  lathed. 
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Frame  Walls. 

8.  Framing. — Studs  spaced  not  to  exceed  16  inch  centers  should 
be  run  from  foundation  to  rafters  without  any  intervening  horizontal 
members.  The  studs  should  be  tied  together  just  below  the  floor 
joists  with  1x6  inch  boards  which  should  be  let  into  the  studs  on  their 
inner  side,  so  as  to  be  flush  and  securely  nailed  to  them.  These 
boards  will  also  act  as  sills  for  the  floor  joists,  Avhich,  in  addition, 
should  be  securely  spiked  to  the  side  of  the  studs. 

9.  Bracing. — The  corners  of  each  wall  should  be  braced  diagonally 
with  1x6  inch  boards  let  into  the  studs  on  their  inner  side,  and 
securely  nailed  to  them. 

In  back-plastered  construction  in  which' sheathing  is  omitted,  at 
least  once  midway  in  each  story  height,  the  studs  should  be  braced 
horizontally  with  2x3  inch  bridging  set  1  inch  back  of  the  face  of  the 
studs.  This  assumes  that  the  studs  are  2x4  inches.  Larger  sizes  would 
require  correspondingly  larger  bridging. 

In  sheathed  construction  no  bridging  is  necessary. 
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Frame  Walls 

Good  bracing  of  the  frame  is  important  to  secure  the  necessary  rigid- 
ity. Bridging  between  the  studs  at  least  once  in  each  story  height  is 
recommended  whether  the  frame  is  to  be  sheathed  or  not.  In  the  former 
case  the  bridging  should  be  of  the  same  size  as  the  studs  (usually  2x4 
inch).  In  the  back -plastered  type  of  construction  where  sheathing  is  not 
used,  bridging  is  required  for  stiffening  the  frame,  and  should  be  1  inch 
less  than  the  studs  in  depth.  It  should  be  placed  horizontally,  and  1  inch  back 
of  the  face  of  the  studs,  in  order  that  the  back-plaster  coat  may  be  carried 
past  the  bridging  without  break  at  this  point.  Diagonal  bracing  at  the 
corners  of  each  wall  is  recommended,  especially  when  sheathing  is  omitted. 
Such  bracing  may  be  of  1  x  6  inch  boards,  6  or  8  feet  long,  let  into  the  studs 
on  their  inner  side  in  order  not  to  interfere  with  the  back  plastering  or 
the  interior  plastering.  The  length  of  the  corner  bracing  will,  of  course, 
depend  to  some  extent  on  the  location  of  window  or  other  openings. 

The  committee  feels  that  fire  protection  is  an  important  feature  of  this 
type  of  structure,  and  that  some  form  of  fire  stop  is  necessary  to  develop 
its  full  fire-resistive  value.  Probably  the  best  method  is  to  form  a  basket 
of  metal  lath  to  occupy  the  spaces  between  the  studs  at  the  juncture  of  the 
floor  joists  and  wall.  This  should  be  filled  with  cement  mortar  or  concrete 
from  the  ceiling  level  to  4  inches  above  the  floor  level. 

A  preliminary  report  from  the  Underwriters  Laboratories  on  back- 
plastered  metal  lath  and  stucco  construction  with  Portland  cement  indi- 
cates that  "this  finish  can  be  expected  to  furnish  a  substantial  barrier  to 
the  passage  of  flame  into  the  hollow  spaces  back  of  it  and  to  provide 
sufficient  heat  insulation  to  prevent  the  ignition  of  the  wooden  supports 
to  which  it  is  attached  for  about  one  hour  when  exposed  to  fire  of  the 
degree  of  severity  to  which  stucco-finished  buildings  are  likely  to  be  sub- 
jected under  average  exterior  fire  exposures." 

The  committee  wishes  to  recognize  the  development  of  metal  lumber 
for  frame  construction,  and  believes  its  merits  are  such  that  its  use  will 
undoubtedly  largely  increase.  Detailed  reference  to  this  form  of  construc- 
tion will  be  made  in  subsequent  additions  to  this  recommended  practice. 
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10.  Sheathing. — In  back-plastered  construction  the  lath  should 
be  fastened  direct  to  the  studding  and  back-plastered,  and  no  sheathing 
is  used. 

In  sheathed  construction  the  sheathing  boards  should  not  be  less 
than  6  inches  nor  more  than  8  inches  wide,  dressed  on  one  or  both  sides 
to  a  uniform  thickness  of  13/16  inch.  They  should  be  laid  horizontally 
across  the  wall  studs  and  fastened  with  not  less  than  two  8d  nails  at 
each  stud. 

11.  Inside  Waterproofing. — In  back -plastered  construction  no 
waterproofing  is  necessary. 

In  sheathed  construction,  over  the  sheathing  boards  should  be  laid 
in  horizontal  layers,  beginning  at  the  bottom,  a  substantial  paper, 
well  impregnated  with  tar  or  asphalt.  The  bottom  strip  should  lap  over 
the  baseboard  at  the  bottom  of  the  wall,  and  each  strip  should  lap 
the  one  below  at  least  2  inches.  The  paper  should  lap  the  flashings 
at  all  openings. 

12.  Furring. — Metal  Lath.  When  furring  forms  an  integral  part 
of  the  metal  lath  to  be  used,  then  separate  furring  as  described  in 
this  paragraph  is  omitted. 

In  back -plastered  construction  galvanized  or  painted  %  inch 
crimped  furring,  not  lighter  than  22-gage  or  other  shape  giving  equal 
results,  should  be  fastened  direct  to  the  studding,  using  l1^  inch  x  14- 
gage  staples  spaced  12  inches  apart. 

In  sheathed  construction  galvanized  or  painted  %  inch  crimped 
furring  not  lighter  than  22-gage,  or  other  shape  giving  equal  results, 
should  be  fastened  over  the  sheathing  paper  and  directly  along  the  line 
of  the  studs,  using  l1/^  inchxl4-gage  staples  spaced  12  inches  apart. 
The  same  depth  of  furring  should  be  adhered  to  around  curved  surfaces, 
and  furring  should  be  placed  not  less  than  1%  inches  nor  more  than  4 
inches  on  each  side  of  and  above  and  below  all  openings. 

Wood  Lath.  Furring  1x2  inches  should  be  laid  vertically  12 
inches  on  centers  over  the  sheathing  paper  and  nailed  every  8  inches 
with  6d  nails. 

13.  Lath.  Metal  lath  should  be  galvanized  or  painted  expanded 
lath  weighing  not  less  than  3.4  lbs.  per  square  yard. 

Wire  lath  should  be  galvanized  or  painted  woven  wire  lath,  not 
lighter  than  19-gage,  2%  meshes  to  the  inch,  with  stiffeners  at  8  inch 
centers. 

Wood  lath  should  be  standard  quality,  narrow  plaster  lath  4  feet 
long  and  not  less  than  %  inch  thick. 


Notes  on  Stucco  Practice.  311 

When  sheathing  is  used  it  should  be  laid  horizontally  and  not  diag- 
onally across  the  studs.  The  stucco  test  panels  erected  at  the  Bureau  of 
Standards  in  1915  and  1916  have  demonstrated  conclusively  that  diagonal 
sheathing  tends  to  crack  the  overlying  stucco  by  setting  up  strains  in  the 
supporting  frame.  This  result  is  undoubtedly  due  to  the  shrinkage  of  the 
sheathing,  and  whatever  benefit  might  be  anticipated  from  the  more 
effective  bracing  provided  by  diagonal  sheathing  appears  to  be  more  than 
offset  by  the  shrinkage  effect.  Diagonal  sheathing  is  also  less  economical 
than  horizontal  sheathing,  both  in  material  and  labor. 

Waterproofing  of  the  faces  of  the  studs  in  back -plastered  construction 
seems  to  be  ineffective  and  unnecessary,  and  its  elimination  is  recommended. 

The  proper  type  and  depth  of  furring  is  a  question  on  which  informa- 
tion is  desired.  If  metal  lath  is  applied  over  sheathing  and  the  commonly 
recommended  practice  of  filling  with  mortar  the  space  between  lath  and 
sheathing  is  to  be  followed,  there  seems  to  be  no  good  reason  for  using 
furring  deeper  than  %  inch.  On  the  other  hand,  1x2  inch  wood  furring 
is  widely  used  for  both  metal  and  wood  lath,  and  there  are  good  arguments 
both  for  and  against  this  type  of  furring.  The  question  of  the  proper 
length  and  gage  of  staples  for  metal  lath  is  involved  with  that  of  furring. 
The  entire  subject  needs  investigation. 

Metal  lath  should  be  specified  by  weight  rather  than  by  gage,  and  should 
be  always  galvanized  or  painted.  Galvanized  lath  is  a  good  investment  in 
most  cases,  and  is  to  be  recommended  in  preference  to  painted  lath,  unless 
the  method  of  applying  the  stucco  is  such  as  to  insure  complete  embedment 
of  the  metal,  as,  for  example,  in  the  back-plastered  type  of  construction. 

The  use  of  wood  lath  as  a  base  for  stucco  finds  many  advocates  and 
many  opponents,  but  the  committee  does  not  feel  that  it  can  recommend 
wood  lath  for  cement  stucco.  More  field  and  test  data  should  be  available 
before  the  evidence  for  and  against  wood  lath  can  be  carefully  weighed. 
Further  information  is  desired  in  regard  to  the  type  of  wood  lath  best 
suited  for  cement  stucco.  In  some  of  the  most  satisfactory  work  reported 
by  the  committee  the  lath  were  of  white  pine  1  inch  wide  and  */£  inch  thick. 
Both  materials  and  size  were  here  unusual,  but  the  committee  is  of  the 
opinion  that  this  type  of  narroAV  lath  is  worthy  of  consideration.  For 
want  of  information  as  to  the  practicability  of  specifying  any  particular 
kind  of  wood  and  unusual  dimensions,  no  change  is  suggested  at  the  present 
time.  It  may  be  stated,  however,  that  nearly  all  of  the  test  panels  of  wood 
lath  erected  at  the  Bureau  of  Standards  developed  large  cracks,  in  such 
manner  as  to  suggest  that  narrower  lath  (those  used  were  1%  inches  wide) 
with  wider  keys  and  heavier  nailing  would  have  given  better  results.  The 
tests  also  indicate  that  counter  lathing  in  which  the  lath  are  applied 
lattice  fashion  produces  no  more  satisfactory  results  than  plain  lathing.  In 
view  of  the  much  greater  cost  of  counter  lathing  the  committee  recommends 
that  reference  to  this  type  of  application  be  omitted  from  specifications. 
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Preparation  of  Mortar. 

25.  Mixing — The  ingredients  of  the  mortar  should  be  mixed  until 
thoroughly  distributed,  and  the  mass  is  uniform  in  color  and  homo- 
geneous. The  quantity  of  water  necessary  for  the  desired  consistency 
should  be  determined  by  trial,  and  thereafter  measured  in  proper 
proportion. 

Machine  Mixing.  The  mortar  should  preferably  be  mixed  in  a 
suitable  mortar-mixing  machine  of  the  rotating  drum  type.  The 
period  of  machine  mixing  should  be  not  less  than  5  minutes  after  all 
the  ingredients  are  introduced  into  the  mixer. 

Hand  Mixing.  The  mixing  should  be  done  in  a  water-tight  mortar 
box,  and  the  ingredients  should  be  mixed  dry  until  the  mass  is  uniform 
in  color  and  homogeneous.  The  proper  amount  of  water  should  then 
be  added  and  the  mixing  continued  until  the  consistency  is  uniform. 

26.  Measuring  Proportions. — Methods  of  measurement  of  the 
proportions  of  water  should  be  used  which  will  secure  separate  uniform 
measurements  at  all  times.  All  proportions  stated  should  be  by  volume. 
A  bag  of  cement  (94  lbs.  net)  may  be  assumed  to  contain  1  cubic 
foot;  40  lbs.  may  be  assumed  as  the  weight  of  1  cubic  foot  of  hydrated 
lime.  Hydrated  lime  should  be  measured  dry,  and  should  not  be 
measured  nor  added  to  the  mortar  in  the  form  of  putty. 

27.  Retempering. — Mortar  which  has  begun  to  stiffen  or  take  on 
its  initial  set  should  not  be  used. 

28.  Consistency. — Only  sufficient  water  should  be  used  to  produce 
a  good  workable  consistency.  The  less  water  the  better  the  quality  of 
the  mortar,  within  working  limits. 
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Preparation  of  Mortar. 

The  importance  of  proper  and  thorough  mixing  of  the  ingredients  of 
the  mortar  cannot  be  too  strongly  emphasized.  Machine  mixing  is  in  all 
cases  to  be  recommended  in  preference  to  hand  mixing.  The  use  of  hair  or 
fiber  is  considered  optional,  and  when  used  the  method  of  incorporation 
should  be  such  as  to  insure  good  distribution  and  freedom  from  clots.  The 
maintenance  of  proper  and  uniform  consistency  should  be  insured  by 
measurement  of  the  water  as  well  as  of  the  other  ingredients  of  the  mortar. 
The  question  of  retempering  mortar  is  one  which  will  bear  further  investi- 
gation. At  the  present  time  sufficient  information  is  not  available  to  war- 
rant a  change  in  the  paragraph  on  retempering. 
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14.  Application  of  Lath. — Metal  Lath.  Lath  should  be  placed 
horizontally,  driving  galvanized  staples  l^  inch  by  14-gage  not  more 
than  8  inches  apart  over  the  furring  or  stiffeners.  Vertical  laps  should 
occur  at  supports  and  should  be  fastened  with  staples  not  more  than 
4  inches  apart.  Horizontal  joints  should  be  locked  or  butted  and 
tightly  laced  with  18-gage  galvanized  wire. 

Wood  Lath.  Lath  should  be  placed  horizontally  on  the  furring 
with  y2  inch  openings  between  them.  Joints  should  be  broken  every 
twelfth  lath.    Each  lath  should  be  nailed  at  each  furring  with  4d  nails. 

15.  Corners. — Metal  Lath.  The  sheets  of  metal  lath  should  be 
folded  around  the  corners  a  distance  of  at  least  3  inches  and  stapled 
down,  as  applied.     The  use  of  corner  bead  is  not  recommended. 

Wood  Lath.  At  all  corners  a  6-inch  strip  of  galvanized  or  painted 
metal  lath  should  be  firmly  stapled  over  the  lath  with  1*4  inch  x  14- 
gage  galvanized  staples. 

16.  Spraying. — Before  applying  the  first  coat  of  plaster,  wood 
lath  should  be  thoroughly  wetted,  but  water  should  not  remain  standing 
on  the  surface  of  the  lath  when  the  plaster  is  applied. 

17.  Insulation. — The  air  space  in  back-plastered  walls  may  be 
divided  by  applying  building  paper,  quilting,  felt,  or  other  suitable 
insulating  material  between  the  studs,  and  fastening  it  to  the  studs 
and  bridging  by  nailing  wood  strips  over  folded  edges  of  the  material. 
This  insulation  should  be  so  fastened  as  to  leave  about  1  inch  air  space 
between  it  and  the  stucco.  Care  should  be  taken  to  keep  the  insulating 
material  clear  of  the  stucco,  and  to  make  tight  joints  against  the 
wood  framing  at  the  top  and  bottom  of  the  space  and  against  the 
bridging. 

18.  Overcoating. — Old  frame  walls  which  are  to  be  overcoated 
should  be  made  structurally  sound  in  every  respect,  and,  as  far  as 
possible,  the  general  conditions  on  pages  1  and  2  should  be  observed: 
otherwise  the  recommended  practice  for  frame  structures  obtains. 

19.  Cement. — The  cement  should  meet  the  requirements  of  the 
standard  specifications  for  Portland  cement  of  the  American  Society 
for  Testing  Materials,  and  adopted  by  this  Institute.    (Standard  No.  1.) 

20.  Fine  Aggregate. — Fine  aggregate  should  consist  of  sand,  or 
screenings  from  crushed  stone  or  crushed  pebbles,  graded  from  fine 
to  coarse,  passing  when  dry  a  No.  8  screen.  Fine  aggregate  should 
preferably  be  of  silicious  materials,  clean,  coarse,  and  free  from  loam, 
vegetable,  or  other  deleterious  matter. 

21.  Hydrated  Lime. — Hydrated  lime  should  meet  the  requirements 
of  the  standard  specifications  for  hydrated  lime  of  the  American 
Society  for  Testing  Materials. 

22.  Hair  or  Fiber. — There  should  be  used  only  first  quality  long 
hair,  free  from  foreign  matter,  or  a  long  fiber  well  combed  out. 

23.  Coloring  Matter. — Only  mineral  colors  should  be  used  which 
are  not  affected  by  lime,  Portland  cement,  or  other  ingredients  of  the 
mortar,  or  the  weather. 

24.  Water. — Water  should  be  clean,  free  from  oil,  acid,  strong 
alkali  or  vegetable  matter. 
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The  results  of  tests  and  field  observations  indicate  that  more  attention 
should  be  given  to  the  application  of  lath  to  exterior  surfaces.  Cracks 
frequently  develop  in  stucco  over  laps  or  at  junctions  of  metal  and  wire 
lath,  indicating  a  weakness  at  these  points.  This  may  be  due  in  part  to 
reduced  thickness  of  the  stucco  where  the  lath  is  lapped,  or  to  insufficient 
tying  and  fastening  at  the  joints.  The  ideal  job  of  lathing  would  obviously 
be  that  in  which  the  lath  forms  a  uniform  fabric  over  the  structure,  without 
seams  or  lines  of  weakness,  and  with  equal  reinforcing  value  in  all  direc- 
tions. This  ideal  condition  cannot  be  realized,  but  evidence  is  at  hand  to 
indicate  that  butted  and  laced  or  well-tied  horizontal  joints  are  better  than 
lapped  joints,  and  in  the  case  of  ribbed  lath  that  carefully  locked  joints 
are  better  than  lapped  joints.  Vertical  joints  must  almost  of  necessity  be 
lapped,  but  the  joints  may  be  made  secure  if  they  occur  over  supports  and 
are  well  stapled  at  frequent  intervals. 

At  the  present  time  the  warmth  of  the  back-plastered  stucco  house  in 
comparison  with  that  of  the  sheathed  house  is  questioned  by  some,  but  the 
available  evidence  seems  to  indicate  that  where  insulation  has  been  pro- 
vided as  specified,  generally  satisfactory  results  have  been  obtained. 

Ordinary  building  paper  applied  in  a  double  layer  is  recommended 
as  a  satisfactory  insulating  medium. 

In  this  connection  reference  may  be  made  to  a  series  of  tests  con- 
ducted in  1919  at  the  Armour  Institute  of  Technology,  Chicago,  to  deter- 
mine the  relative  heat  conductivity  of  various  types  of  walls.  These  tests 
indicated  that  by  the  use  of  building  paper  or  quilting  the  loss  of  heat 
through  a  stucco  wall  of  the  back -plastered  type  was  less,  under  standard- 
ized conditions,  than  the  loss  through  the  ordinary  wood  frame  wall, 
covered  with  sheathing  and  drop  siding.  A  complete  report  of  these  tests 
may  be  obtained  on  application  to  the  Commissioner,  Associated  Metal  Lath 
Manufacturers,  Chicago,  111. 

The  paragraphs  relating  to  materials  are  sufficiently  specific  as  to  the 
quality  of  the  stucco  ingredients.  However,  reference  may  be  made  to  the 
recently  developed  colorimetric  test  for  detecting  the  presence  of  organic 
matter  in  sands,  a  description  of  which  is  to  be  found  in  the  report  of 
Committee  C-9,  American  Society  for  Testing  Materials,  1919. 

Hydrated  lime  should  be  specified  to  the  exclusion  of  lump  lime,  chiefly 
for  the  reason  that  lime  which  is  slaked  on  the  job  cannot  as  a  rule  be  so 
thoroughly  hydrated  and  so  thoroughly  mixed  in  the  mortar  as  the  mechani- 
ically  hydrated  product. 
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29.  Mortar. — All  coats  should  contain  not  less  than  3  cubic  feet 
of  fine  aggregate  to  1  sack  of  Portland  cement.  If  hydrated  lime  is 
used  it  should  not  be  in  excess  of  one-fifth  the  volume  of  cement.  Hair 
or  fiber  should  be  used  in  the  scratch  coat  only  on  wood  lath,  on  metal 
or  wire  lath  that  is  to  be  back-plastered,  or  on  metal  or  wire  lath 
which  is  applied  over  sheathing  and  is  separated  therefrom  by  furring 
deeper  than  %  inch. 

30.  Application. — The  plastering  should  be  carried  on  continually 
in  one  general  direction  without  allowing  the  plaster  to  dry  at  the 
edge.  If  it  is  impossible  to  work  the  full  width  of  the  wall  at  one 
time,  the  joining  should  be  at  some  natural  division  of  the  surface, 
such  as  a  window  or  door. 

The  first  coat  should  thoroughly  cover  the  base  on  which  it  is 
applied  and  be  well  troweled  to  insure  the  best  obtainable  bond.  Before 
the  coat  has  set  it  should  be  heavily  cross-scratched  with  a  saw-toothed 
metal  paddle  or  other  suitable  device  to  provide  a  strong  mechanical 
key. 

The  second  coat  should  be  applied  whenever  possible  on  the  day 
following  the  application  of  the  scratch  coat.  The  first  coat  should 
be  dampened  if  necessary,  but  not  saturated,  before  the  second  coat 
is  applied.  The  second  coat  should  be  brought  to  a  true  and  even  sur- 
face by  screeding  at  intervals  not  exceeding  5  feet,  and  by  constant 
use  of  straightening  rod.  When  the  second  coat  has  stiffened  suffi- 
ciently, it  should  be  dry  floated  with  a  wood  float  and  lightly  and 
evenly  cross-scratched  to  form  a  good  mechanical  bond  for  the  finish 
coat.  The  day  following  the  application  of  the  second  coat,  and  for 
not  less  than  three  days  thereafter,  the  coat  should  be  sprayed  or 
wetted  at  frequent  intervals  and  kept  from  drying  out. 

In  back-plastered  construction  the  backing  coat  should  preferably 
be  applied  dire.ctly  following  the  completion  of  the  brown  coat.  The 
keys  of  the  scratch  coat  should  first  be  thoroughly  dampened,  and  the 
backing  coat  then  well  troweled  on  to  insure  filling  the  spaces  between 
the  keys  and  thoroughly  covering  the  back  of  the  lath.  The  backing 
coat  should  provide  a  total  thickness  of  plaster  back  of  the  lath  of 
%  inch  or  %  inch,  and  should  finish  about  *4  inch  back  of  the  face  of 
the  studs. 

The  finish  coat  should  be  applied  not  less  than  a  week  after  the 
application  of  the  second  coat.  Methods  of  application  will  hereinafter 
be  described  under  "finish." 

31.  Two-Coat  Work. — Whenever  two-coat  work  is  required,  the 
first  coat  should  preferably  be  "doubled" — that  is,  as  soon  as  the  first 
coat  is  stiff  enough  it  should  be  followed  by  a  second  application  of 
mortar,  and  this  should  then  be  treated  as  described  for  the  second 
coat  under  paragraph  30.  The  finish  should  be  applied  not  less  than 
a  week  after  the  application  of  the  first  coat. 

32.  Drying  Out — The  finish  coat  should  not  be  permitted  to  dry 
out  rapidly,  and  adequate  precaution  should  be  taken,  either  by  sprink- 
ling frequently  after  the  mortar  is  set  hard  enough  to  permit  it,  or  by 
hanging  wet  burlap  or  similar  material  over  the  surface. 

33.  Freezing. — Stucco  should  not  be  applied  when  the  tempera- 
ture is  below  32  degrees  F.,  nor  under  any  conditions  such  that  ice  or 
frost  may  form  on  the  surface  of  the  wall. 
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Mortar  Coats. 

Practice  varies  widely  in  the  mixture  and  application  of  stuccos. 
The  use  of  hair,  lime,  and  waterproofing  materials,  the  variations  in  the 
mixtures  for  the  different  coats,  the  number  and  thickness  of  the  coats,  the 
intervals  between  the  coats,  the  degree  of  wetting  of  the  undercoats,  and 
the  precautions  necessary  in  protecting  the  coats  from  too  rapid  drying, 
are  details  subject  to  question,  and  all  will  stand  further  investigation. 
However,  the  study  of  the  experimental  panels  at  the  Bureau  of  Standards 
has  yielded  considerable  information  on  some  of  these  points. 

One  of  the  most  important  indications  from  these  panels  is  that  lean 
mixtures  containing  well-graded  aggregate  give  better  results  than  those 
commonly  specified.  Mixtures  as  lean  as  one  part  of  cement  to  six  or  seven 
parts  of  graded  aggregate  have  given  excellent  results  in  these  tests.  The 
committee  is  of  the  opinion  that  the  volume  change  of  rich  mortars  is 
accountable  for  much  of  the  unsightly  cracking  of  stuccos,  and  that  no 
mixture  should  be  used  in  which  the  proportion  of  cement  is  greater  than 
one  part  to  three  parts  of  fine  aggregate. 

The  effect  of  hydrated  lime  in  cement  stucco  has  also  been  given  con- 
siderable attention,  and  the  conclusion  which  is  forcing  itself  upon  the 
committee  is  that  hydrated  lime  does  not  improve  the  structure  of  the 
stucco,  but  by  imparting  better  working  quality  to  the  mortar  reduces  the 
cost  of  application.  On  the  other  hand,  there  is  evidence  that  not  more 
than  20%  of  hydrated  lime,  by  volume  of  the  cement,  should  be  added  to 
cement  stucco  if  the  best  results  are  to  be  obtained. 

There  seems  to  be  no  good  reason  for  varying  the  composition  of  the 
different  coats,  but  if  a  variation  is  to  be  specified,  the  scratch  coat  should 
logically  be  the  strongest  mixture,  followed  by  a  leaner  brown  coat  and 
a  still  leaner  finish.  No  greater  mistake  has  ever  been  made  in  stucco 
application  than  the  use  of  a  strong  brown  coat  over  a  weak  base  or  a 
weak  scratch  coat.  The  not  uncommon  practice  of  applying  a  strong  brown 
coat  over  a  lime  mortar  scratch  coat  has  been  responsible  for  many  stucco 
failures. 

The  suggestion  that  the  finish  coat  should  logically  be  leaner  than 
the  undercoats  immediately  brings  up  the  waterproofing  question.  There 
are  two  fundamental  points  to  be  considered  in  this  connection;  first,  that 
the  lean  coat  is  not  necessarily  lacking  in  density,  and  second,  that  the 
waterproofing  problem  in  good  cement  stucco  is  not  one  of  overcoming 
permeability,  but  rather  of  reducing  absorption.  The  entire  question  hinges 
on  absorption,  and  the  evidence  at  hand  indicates  that  a  moderate  degree 
of  absorption  is  a  much  more  preferable  condition  than  a  surface  covered 
with  craze  and  map  cracks,  produced  by  the  use  of  a  too  rich  or  wrongly 
manipulated  finishing  coat.  Any  waterproofing  treatment  that  alters  the 
natural  texture  and  color  of  the  stucco  may  be  dismissed  from  considera- 
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tion,  and  the  merit  of  any  integral  waterproofing  in  stucco  is  exceedingly 
difficult  to  determine. 

The  question  as  to  number  and  thickness  of  coats  may  be  best  answered 
by  assuming  that  each  coat  of  stucco  has  its  own  particular  function.  The 
scratch  coat  is  the  first  applied,  and  its  purpose  is  to  form  an  intimate 
bond  and  a  secure  support  for  the  body  of  the  stucco.  On  metal  lath  it 
also  serves  as  a  protective  coat,  and  it  should  therefore  be  strong  and  not  too 
lean.  The  use  of  hair  or  fiber  is  of  questionable  value.  Hair  or  fiber  should 
not  be  used  when  the  space  back  of  the  lath  is  to  be  filled,  and  is  probably 
not  a  necessary  ingredient  in  any  case.  The  committee  at  the  present  time 
would  sanction  its  use  only  in  scratch  coats  on  wood  lath,  or  on  metal  or 
wire  lath  that  is  to  be  back-plastered,  or  on  metal  or  wire  lath  that  is 
applied  over  furring  deeper  than  %  inch.  The  thickness  of  the  scratch 
coat  should  average  about  Yt  inch  over  the  face  of  the  lath. 

The  function  of  the  second  coat  (commonly  called  the  brown  or 
straightening  coat)  is  to  establish  a  true  and  even  surface  upon  which  to 
apply  the  finish.  It  forms  the  body  of  the  stucco,  and  must  fill  the  hollows 
and  cover  the  humps  of  the  scratch  coat.  For  this  reason  an  average  thick- 
ness of  %  inch  to  Yi  inch  will  usually  be  required.  The  brown  and  finish 
coats,  or  the  scratch  and  brown  coats,  are  sometimes  combined  in  two- 
coat  work,  which  is  permissible  when  the  base  upon  which  the  stucco  is 
applied  is  fairly  true  and  even,  or  when,  on  account  of  cost  considerations, 
the  best  obtainable  finish  is  not  required.  It  is  difficult,  however,  to  obtain 
a  satisfactory  finish  on  a  coat  which  runs  Yz  inch  or  more  in  thickness, 
since  the  tendency  of  a  heavy  coat  to  bag  and  slip  is  likely  to  produce  an 
uneven  surface. 

The  finish  coat  serves  only  a  decorative  purpose  and  has  no  structural 
value.  Its  function  is  solely  to  provide  an  attractive  appearance,  and  any 
mixture  or  any  method  of  application  that  may  detract  from  the  appear- 
ance, or  in  any  way  injure  its  permanency,  should  be  avoided.  Herein  lies 
the  argument  for  lean  mixtures,  which  are  more  likely  to  be  free  from 
unsightly  defects  than  rich  mixtures,  and  are  also  more  likely  to  improve 
in  appearance  under  the  action  of  the  weather.  The  finish  coat  should 
be  as  thin  as  possible  consistent  with  covering  capacity,  and  may  vary  from 
Ys  to  %  inch  in  thickness,  depending  upon  the  type  employed. 

It  is  obvious  from  the  foregoing  that  first-class  stucco  should  be  three- 
coat  work,  each  coat  serving  its  own  particular  purpose.  The  bond  between 
the  brown  coat  and  the  scratch  coat  needs  to  be  strong  in  order  to  carry 
the  weight  of  the  body  of  the  stucco,  and  for  this  reason  it  is  now  consid- 
ered preferable  to  apply  the  brown  coat  the  day  following  the  application  of 
the  scratch  coat.  Except  in  dry  or  windy  weather  little  wetting  of  the 
scratch  coat  should  be  necessary  when  the  brown  coat  is  to  follow  within 
24  hours.  A  slight  degree  of  absorption  or  "suction"  in  the  scratch  coat  is 
probably  better  than  complete  saturation,  for  the  brown  coat,  as  well  as  the 
others,  is  necessarily  mixed  with  a  larger  quantity  of  water  than  it  requires 
for  maximum  strength.     The  removal  of  a  portion  of  this  excess  water  by 
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the  suction  of  the  undercoat  not  only  improves  the  quality  of  the  coat,  but 
also  insures  a  better  bond  by  tending  to  draw  the  fine  particles  of  the 
cement  into  the  pores  and  interstices  of  the  undercoat. 

Whereas  the  interval  between  the  brown  coat  and  scratch  coat,  as 
recommended  above,  is  relatively  short,  the  interval  before  applying  the 
finish  coat  should  be  as  long  as  permissible  under  the  conditions  of  the 
work.  The  reason  for  thus  delaying  the  application  of  the  finish  is  to 
enable  the  body  of  the  stucco  to  obtain  its  initial  shrinkage  and  a  nearer 
approach  to  its  final  condition  of  strength  and  hardness,  before  being 
covered  with  the  surface  coat.  The  bond  of  the  latter  needs  to  be  intimate 
rather  than  of  maximum  strength,  and  if  the  body  of  the  stucco  has  been 
allowed  to  thoroughly  set  and  harden,  it  may  be  assumed  that  there  is  less 
liability  of  volume  changes  in  the  undercoats  to  disturb  the  finish  coat.  A 
week  or  more  should  elapse  between  the  application  of  the  brown  and  finish 
coats. 

The  finish  coat  should  be  applied  over  a  damp  but  not  saturated  under- 
coat, for  excess  water  is  likely  to  injure  the  bond  seriously.  Certain  types 
of  finish,  such  as  the  wet  mixtures  used  for  sand  spraying,  or  for  the 
"spatter  dash"  finish,  may  preferably  be  applied  to  a  fairly  dry  undercoat, 
since  suction  must  be  depended  upon  to  prevent  streakiness  and  muddy 
appearance.  The  fact  that  finishes  of  this  type  applied  in  this  manner  may 
set  and  dry  out  with  little  strength  is  not  serious;  they  gradually  attain 
sufficient  hardness  with  exposure  to  the  weather. 

Curing  of  the  undercoats  by  sprinkling  and  protection  of  finish  coats 
against  the  sun,  wind,  rain  and  frost  by  means  of  tarpaulins  are  always 
to  be  recommended.  This  is  not  always  feasible,  however,  and  the  architect 
should  be  content  to  specify  and  insist  upon  reasonable  precautions.  The 
application  of  cement  stucco  in  freezing  weather  should  be  avoided,  and, 
in  fact,  temperatures  slightly  above  the  freezing  point  may  allow  frost  to 
form  on  a  damp  wall.  The  application  of  stucco  under  such  conditions  is 
likely  to  result  in  failure. 
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Finish.. 

34.  .Stippled. — The  finishing  coat  should  be  troweled  smooth  with 
a  metal  trowel  with  as  little  rubbing  as  possible,  and  then  should  be 
lightly  patted  with  a  brush  of  broom  straw  to  give  an  even,  stippled 
surface. 

35.  Sand  Floated. — The  finishing  coat,  after  being  brought  to  a 
smooth,  even  surface,  should  be  rubbed  with  a  circular  motion  of  a 
wood  float  with  the  addition  of  a  little  sand  to  slightly  roughen  the 
surface.  This  floating  should  be  done  when  the  mortar  has  partly 
hardened. 

36.  Sand  Sprayed. — After  the  finishing  coat  has  been  brought  to 
an  even  surface,  it  should  be  sprayed  by  means  of  a  wide,  long-fiber 
brush — a  whisk  broom  does  very  well — dipped  into  a  creamy  mixture  of 
one  part  of  cement  to  two  or  three  parts  sand,  mixed  fresh  at  least 
every  30  minutes,  and  kept  well  stirred.  This  coating  should  be  thrown 
forcibly  against  the  surface  to  be  finished.  This  treatment  should  be 
applied  while  the  finishing  coat  is  still  moist  and  before  it  has  attained 
its  early  hardening — that  is,  within  3  to  5  hours.  To  obtain  lighter 
shades,  add  hydrated  lime  not  to  exceed  10%  of  the  weight  of  the 
cement. 

37.  Rough-Cast  or  Spatter  Dash. — After  the  finishing  coat  has 
been  brought  to  a  smooth,  even  surface  with  a  wooden  float  and  before 
finally  hardened,  it  should  be  uniformly  coated  with  a  mixture  of  one 
sack  of  cement  to  3  cubic  feet  of  fine  aggregate  thrown  forcibly  against 
it  to  produce  a  rough  surface  of  uniform  texture  when  viewed  from  a 
distance  of  20  feet.  Special  care  should  be  taken  to  prevent  the  rapid 
drying  out  of  this  finish  by  thorough  wetting  down  at  intervals  after 
stucco  has  hardened  sufficiently  to  prevent  injury. 

38.  Applied  Aggregate. — After  the  finishing  coat  has  been  brought 
to  a  smooth,  even  surface,  and  before  it  has  begun  to  harden,  clean 
round  pebbles,  or  other  material  as  selected,  not  smaller  than  x,4  inch 
or  larger  than  %  inch  and  previously  wetted,  should  be  thrown  forcibly 
against  the  wall  so  as  to  embed  themselves  in  the  fresh  mortar.  They 
should  be  distributed  uniformly  over  the  mortar  with  a  clean  wood 
trowel,  but  no  rubbing  of  the  surface  should  be  done  after  the  pebbles 
are  embedded. 

39.  Exposed  Aggregate. — The  finishing  coat  should  be  composed 
of  an  approved,  selected  coarse  sand,  crushed  marble,  or  granite  or 
other  special  material,  in  the  proportion  given  for  finishing  coats,  and 
within  24  hours  after  being  applied  and  troweled  to  an  even  surface 
should  be  scrubbed  with  a  stiff  brush  and  water.  In  case  the  stucco  is 
too  hard,  a  solution  of  one  part  hydrochloric  acid  in  four  parts  of  water 
by  volume  can  be  used  in  place  of  water.  After  the  aggregate  particles 
have  been  uniformly  exposed  by  scrubbing,  particular  care  should  be 
taken  to  remove  all  traces  of  the  acid  by  thorough  spraying  with 
water  from  a  hose. 

40.  Mortar  Colors. — When  it  is  required  that  any  of  the  above 
finishes  should  be  made  with  colored  mortar  not  more  than  10%  of  the 
weight  of  Portland  cement  should  be  added  to  the  mortar  in  the  form 
of  finely  ground  mineral  coloring  matter. 

A  predetermined  weight  of  color  should  be  added  dry  to  each  batch 
of  dry  fine  aggregate  before  the  cement  is  added.     The  color  and  fine 
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Tt  is  practically  impossible  to  specify  in  written  paragraphs  the  methods 
by  which  successful  finishes  are  obtained.  The  quality  of  these  depends 
upon  the  knowledge  and  skill  of  the  plasterer,  and  the  specification  writer 
must  content  himself  with  a  brief  description  of  the  several  types.  In  the 
finishing  of  stuccos,  however,  there  are  certain  causes  and  effects  which 
should  be  more  generally  recognized,  a  brief  discussion  of  which  will  help 
to  explain  the  limitation  of  the  commonly  used  finishes  and  indicate  the 
methods  to  be  pursued  in  the  attempt  to  develop  better  finishes. 

In  an  earlier  paragraph  the  defects  resulting  from  the  expansion  and 
contraction  of  rich  mortars  have  been  referred  to.  The  chance  of  such 
defects  occurring  must  be  greatest  in  the  finish  coat,  which  is  directly 
exposed  to  the  extremes  of  moisture  and  temperature  variations.  The 
hope  of  overcoming  these  defects  lies  mainly  in  the  use  of  leaner  mixtures, 
in  which  the  tendency  to  movement  is  cut  down  as  the  proportion  of  cement 
is  reduced.  The  problem  therefore  is  to  use  less  cement  and  at  the  same 
time  retain  the  necessary  density  by  improved  gradation  of  the  aggregates. 
Considerable  success  has  already  attended  experiments  along  this  line,  and 
even  better  results  are  anticipated  in  the  future. 

All  that  may  be  accomplished  in  this  direction,  however,  will  hardly 
permit  a  smooth  troweled  finish  to  be  used.  This  treatment  produces  a 
concentration  of  fine  material  at  the  surface,  which  will  almost  inevitably 
develop  fine  cracks.  In  the  course  of  time  these  cracks  will  collect  soot 
and  dirt  and  become  conspicuous  and  unsightly.  At  best  the  smooth  trow- 
eled finish  is  not  to  be  recommended,  and  specifications  should  eliminate 
all  reference  to  it. 

The  dash  finishes — such  as  the  sand  spray,  which  is  obtained  by  apply- 
ing a  mixture  of  sand,  cement  and  water  with  a  whisk  broom  or  long-fiber 
brush,  or  the  spatter  dash,  which  is  usually  a  thin  mortar  containing  coarse 
sand  or  stone  screenings  thrown  from  a  paddle,  or  the  rough-cast,  which 
is  a  mixture  of  pebbles  and  cement  grout  thrown  from  a  paddle  or  the  back 
of  a  trowel — are  all  relatively  rich  in  cement  and  all  develop  fine  cracks  to 
a  very  marked  degree,  but  the  rough  texture  of  the  surfaces  masks  these 
defects,  and  the  type  is  therefore  generally  satisfactory  and  very  widely  used. 
The  use  of  these  finishes  is  in  general  to  be  recommended,  unless  the  work 
is  done  by  a  stucco  specialist,  whose  skill  and  experience  qualify  him  to 
execute  the  more  difficult  finishes  to  be  discussed  in  the  following  para- 
graphs. 

The  chief  objection  to  the  dash  finishes  as  above  described  is  their 
rather  cold,  unbroken  cement  color,  which  may  be  relieved  and  improved 
to  a  considerable  extent  by  the  judicious  use  of  mineral  pigments.  Another 
meaiis  of  varying  the  monotony  of  the  natural  grays  and  whites  of  the 
cement  is  by  the  use  of  the  dry  dash  finishes,  in  which  clean  pebbles  or 
stone  chips  are  thrown  against  the  fresh  mortar  of  the  finishing  coat 
while  it  is  still  soft.  When  the  dry  dash  is  well  selected,  and  the  particles 
thickly  and  uniformly  distributed  over  the  surface,  the  finish  thus  obtained 
is  pleasing  and  possesses  decidedly  more  life  and  character  than  the  wet 
dashes. 
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aggregate  should  be  mixed  together  and  then  the  cement  mixe'd  in. 
The  whole  should  be  then  thoroughly  mixed  dry  by  shoveling  from  one 
pile  to  another  through  a  *4  inch  mesh  wire  screen  until  the  entire 
batch  is  of  uniform  color.  Water  should  then  be  added  to  bring  the 
mortar  to  a  proper  plastering  consistency. 
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The  sand-float  finish  deserves  special  consideration  because  it  promises 
to  be  one  of  the  most  satisfactory  finishes  of  the  future.  Due  to  the  use 
of  rich  mixtures  the  sand-float  finish  has  usually  developed  defects  similar 
to  those  experienced  with  the  smooth  troweled  finishes,  differing  from  the 
latter  only  in  degree.  Sand-floated  stuccos  which  have  been  covered  with 
paint  are  to  be  found  in  every  community,  and  this  alone  is  sufficient 
evidence  of  unskillful  manipulation  of  this  finish  and  of  the  unsatisfactory 
results  that  have  been  obtained.  In  the  experiments  carried  out  at  the 
Bureau  of  Standards  the  sand-float  finish  was  found  to  be  most  satisfactory 
on  mixtures  containing  not  more  than  1  part  of  portland  cement  to  4  parts 
of  fine  aggregate,  and  mixtures  as  rich  as  1:3,  with  a  small  addition  of 
hydrated  lime,  were  satisfactory  as  a  rule  only  when  the  final  floating  was 
delayed  until  the  mortar  had  well  stiffened.  In  this  manner  the  concen- 
tration of  fine  material  in  the  surface  was  prevented.  This  experience  con- 
firms the  necessity  for  using  leaner  mixtures  than  have  been  specified  here- 
tofore, and  for  removing  the  cement  from  the  surface  by  mechanical  or  other 
means,  if  the  sand-float  finish  is  to  come  into  its  own. 

There  is  no  hard  and  fast  line  between  the  sand-float  finish  and  the 
exposed  aggregate  finish,  since  in  the  final  water -floating  process  of  the 
former  the  aggregate  is  left  sufficiently  exposed  to  modify  and  improve  the 
tone  of  the  finished  wall.  When  the  sand-floated  surface  is  further  improved 
by  an  acid  wash  the  grains  of  the  aggregate  are  cleanly  exposed.  It  seems 
preferable  in  classification,  however,  to  limit  the  exposed  aggregate  finishes 
to  those  in  which  coarser  aggregates  are  employed  than  would  be  feasible 
for  the  sand-float  finish.  Thus  defined,  the  exposed  aggregate  finish  is 
obtained  by  the  application  of  a  coarser  mortar  containing  carefully 
selected  and  graded  aggregates,  so  that  when  the  latter  are  exposed  by 
brushing  and  cleaning  the  resulting  texture  resembles  that  of  cast  concrete 
which  has  been  subjected  to  similar  surface  treatment.  One  of  the  mem- 
bers of  the  committee  has  recently  developed  a  stucco  of  this  type  which 
has  been  applied  to  the  Field  House  in  East  Potomac  Park,  Washington, 
D.  C,  over  terra  cotta  tile.  The  color  and  texture  of  this  finish,  produced 
entirely  by  the  aggregate,  is  the  same  as  that  of  the  concrete  trim  of  the 
building.  At  the  present  time  only  the  wings  of  this  structure  are  com- 
pleted, but  the  work  thus  far  marks  a  distinct  step  in  advance,  not  only 
in  the  treatment  of  the  stucco,  but  also  in  the  general  adaptation  of  sur- 
face-treated concrete  to  exacting  architectural  requirements. 
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In  conclusion,  the  committee  desires  to  state  its  conviction  that  while 
portland  cement  stucco  may  develop  certain  small  defects  which  cannot 
always  be  guarded  against,  the  product  may  be  depended  upon,  if  applied 
in  accordance  with  the  accompanying  recommended  practice,  to  be  structur- 
ally sound,  durable,  and  capable  of  giving  satisfactory  service,  with  little 
or  no  outlay  for  repairs  or  maintenance.  The  committee  believes,  however,, 
that  assurance  of  satisfactory  results  in  stucco  depends  largely  on  the 
development  of  stucco  specialists,  experienced  and  skilled  in  this  particular 
art,  as  distinguished  from  ordinary  plastering.  Intelligent  and  high-class 
workmanship  is  so  essential  to  good  stucco  that  only  those  contractors 
who  have  had  sufficient  experience  to  establish  their  own  confidence  in  the 
product,  and  who  are  willing  to  guarantee  their  work,  should  be  employed 
for  its  application. 

D.  K.  Boyd, 

E.  I>.  Boyer, 

C.  M.  Chapman, 
Wharton  Clay, 
J.  J.  Earley, 
J.  E.  Freeman, 

F.  A.  Hitchcock, 
J.  B.  Orr, 

J.    C.   Pearson,   Chairman. 


DISCUSSION. 


Mr.  Wharton  Clay. — The  Associated  Metal  Lath  Manufacturers  have 
been  very  anxious  to  insure  the  proper  attachment  for  metal  lath  on 
wood  studs,  and  have  made  a  canvass  of  the  country  to  find  out  contractors' 
practice  in  this  matter.  In  view  of  the  impossibility,  in  some  places,  of 
securing  staples  at  all,  they  recommend  the  following  clause:  "Flat  metal 
laths  shall  be  attached  to  wood  by  means  of  4d  nails.  Where  rib  laths 
or  furring  is  used,  6d  nails  shall  be  used.  All  nails  shall  be  driven  solid, 
ibut  shall  be  bent  down  over  a  juncture  of  strands  a  short  distance  before 
T3eing  driven  home."  This  is  offered  as  a  part  of  the  written  discussion. 
It  is  the  opinion  of  the  committee  that  it  would  like  to  have  an  oppor- 
tunity to  study  that  before  it  is  offered  as  an  amendment  to  the  report. 

Mr.  A.  F.  Robinson. — While  this  subject  is  up,  I  would  like  to 
recommend  to  the  committee  the  consideration  of  heavier  staples  than 
those  they  have  specified.  My  experience  has  been  that  the  staple  now 
commonly  used,  No.  14-gage,  is  very  largely  bent  over  and  is  likely  to  be 
insufficient  when  used  with  the  ordinary  metal  lath.  I  think  in  one  case 
we  have  found  on  interior  work  as  high  as  51%  of  the  staples  bent  over 
and  insufficiently  entering  the  wood,  which  had  a  decided  influence  on  the 
strength  of  the  stucco  finish.  It  would  probably  be  sufficient  to  hold  the 
stucco  in  ordinary  service,  but  even  there  there  may  be  some  question.  If 
it  can  be  brought  about  I  think  it  would  be  to  the  advantage  of  the  stucco 
to  have  a  little  heavier  staple,  just  how  heavy  I  am  not  prepared  to  say. 
The  different  kinds  of  wood  should  also  be  discussed  and  considered  in 
arriving  at  any  conclusion  covering  the  strength  of  the  staples. 

Mr.  J.  C.  Pearson. — There  is  no  question  about  the  necessity  for  get- 
ting a  more  secure  attachment  of  the  metal  lath  to  the  studs.  We  had 
an  interesting  experience  when  we  conducted  the  tests  of  several  panels  in 
1915;  we  tried  to  procure  some  of  these  staples  which  have  always  been  in 
the  specifications,  No.  14-gage,  and  could  not  find  any  in  the  neighborhood 
of  Washington,  and  there  was  quite  a  bit  of  telegraphing  around  the 
country  before  we  could  locate  them.  We  decided  it  was  a  very  unusual 
product.  I  think  the  comments  in  that  particular  part  of  the  report 
indicate  the  fact  that  we  needed  more  information  about  that.  We  felt 
that  those  staples  were  not  satisfactory,  but  did  not  know  what  to  put  in 
and  did  not  know  what  the  common  practice  was.  Therefore  I  think  these 
comments  are  very  acceptable  and  the  committee  will  give  the  matter 
attention  in  the  next  year's  report. 
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Report  of  the  Board  of  Direction 

to  the  American  Concrete  Institute 

on  Finances  of  the  Organization 

from  the  Treasurer's  Report 

to  February  1,  1920. 

Bank  balance  May  31,  1919,  as  shown  by  Auditor's  report $2,288.54 

Receipts  May  31,  1919,  to  January  31,  1920 4,812 .  11 

$7,100.65 
Expenditures  May  31,  1919,  to  January  31,  1920 5,698.91 

Balance  January  31,  1920 $1,401.74 

United  States  Victory  Bonds 3,000.00 

$4,401.74 
Current  unpaid  bills  February  1,  1920 2,117.41 

$2,284.33 


(  MO 


ABSTRACT  OF  MINUTES  OF  MEETING  OF  BOARD  OF  DIRECTION. 
Meeting,  New  Yokk  City,  Nov.  5,  1919. 

Present:  President  Hatt,  Messrs.  Turner,  Wason,  Humphrey,  Boyer, 
Thompson  and  Secretary  Alvord. 

Six  applications  for  membership  were  received  and  approved. 

Secretary  presented  financial  report  showing  cash  on  hand  October  1, 
$916.99  besides  $3000  in  Victory  Bonds. 

Secretary  reported  adoption  by  letter  ballot  canvassed  in  September  of 
the  standard  specifications  for  concrete  sidewalks  and  floors  as  amended  at 
the  1919  convention  and  the  standard  specifications  for  the  manufacture  of 
roofing  tile. 

President  announced  the  appointment  as  Institute's  representatives 
on  the  Joint  Committee  on  Concrete  and  Reinforced  Concrete  of  W.  K.  Hatt, 
A.  E.  Lindau,  E.  J.  Moore  and  L.  C.  Wason,  with  a  fifth  member  to  be 
appointed.* 

A  special  committee  consisting  of  H.  C.  Turner,  chairman,  R.  W. 
Lesley,  W.  M.  Kinney,  and  L.  C.  Wason  appointed  by  President  Hatt  to 
formulate  a  plan  of  organization  for  the  future  growth  of  the  Institute, 
made  its  report.  The'  outstanding  items  in  the  report,  which  was  adopted, 
are  these :  Recommendation  that  the  activities  of  the  Institute  be  central- 
ized in  a  secretary's  office,  relieving  the  President  of  detail  work.  Estab- 
lishing the  secretary's  office  in  the  office  of  the  Concrete  Cement  Age  Pub- 
lishing Co.,  Detroit,  Mich.,  the  Institute's  individuality  and  independence 
to  be  maintained.  Appointment  of  Harvey  Whipple  secretary.  Funds  for 
more  aggressive  work  of  the  organization  in  participating  in  activities 
looking  to  the  advancement  of  the  industry  to  be  provided  through  support- 
ing memberships  at  fifty  dollars  a  year.  Technical  subjects  to  be  investi- 
gated by  special  committees  at  once  as  follows:  Standardization  of  speci- 
fications for  concrete  reinforcement  bars ;  standardization  of  units  of  design ; 
proper  values  for  vertical  shear;  relative  merits  of  different  types  of 
cement  floor  finish  in  building  construction;  the  most  economical  design 
and  construction  for  contractors'  plant  in  reinforced-concrete  construction. 

Voted  to  ask  Secretary  Alvord  to  remain  in  office  until  his  successor 
is  duly  qualified.  The  Board  recorded  its  appreciation  and  thanks  for  the 
faithful  services  he  had  rendered. 

Voted  to  renew  Institute's  membership  in  the  National  Fire  Protection 
Association. 

President  authorized  to  make  arrangements  for  the  convention  at  the 
Auditorium  Hotel,  Chicago,  February  16  to  18,  1920. 


*The  later  appointment  of  Messrs.  Hatt  and  Lindau  representing  American  Society 
of  Civil  Engineers  on  the  Joint  Committee  resulted  in  change  in  Institute  represen- 
tation to  stand  as  follows:  S.  C.  Hollister,  Chairman,  R.  W.  Lesley,  A.  R.  Lord,  E.  J. 
Moore,  L.  C.  Wason. 
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Voted  to  continue  the  present  Finance  Committee  consisting  of  Messrs. 
Turner,  Lesley  and  Kinney. 

The  President  was  authorized  to  appoint  a  committee  on  the  presen- 
tation of  the  Wason  Medal. 

Meeting,  Chicago,  Feb.   17,   1920. 

Present:  President  Hatt,  Messrs.  Turner,  Thompson,  Humphrey,  Ash- 
ton,  Boyer  and  Secretary  Whipple. 

Secretary  presented  a  report  outlining  Institute's  activities  undertaken 
since  establishing  office  in  Detroit,  Nov.  24,  1919,  getting  in  touch  with 
each  individual  member;  getting  in  touch  with  chairmen  and  members  of 
committees;  sending  News  Letters  to  members;  issuing  eleven  preprints 
of  reports  and  papers;  a  statement  of  membership  as  of  Feb.  1, — 383  active 
members  at  ten  dollars  a  year,  232  of  them  in  good  standing,  43  supporting 
members  at  thirty  dollars  a  year,  28  of  them  in  good  standing,  subscribing 
libraries  70.* 

Report  of  the  Treasurer  showing  a  bank  balance  February  1,  $1401.74, 
Victory  Bonds,  $3000. 

It  was  voted  to  make  the  annual  audit  of  the  Institute  accounts  at 
the  end  of  the  fiscal  year,  the  last  audit  having  been  made  in  May,   1919. 

Voted  to  advance  for  expenses  of  Institute's  representation  $100  to  be 
paid  to  Duff  A.  Abrams,  Secretary  and  Treasurer  of  the  Joint  Committee. 

Committee  consisting  of  Messrs.  Hatt,  Wight  and  Humphrey  was 
authorized  to  go  over  manuscript  necessary  for  the  completion  of  the 
Institute's  Journal  for  1915  and  make  recommendations  as  to  its  publication. 

Cost  of  1920  Proceedings  was  discussed  and  decided  to  consider  esti- 
mates from  the  former  printer,  The  John  C.  Winston  Co.,  Philadelphia, 
and  from  Detroit  printers. 

All  applications  for  membership  in  Secretary's  hands  to  date  (Feb.  17) 
were  approved,  consisting  of  13  contributing  memberships  at  fifty  dollars, 
and  47  active  memberships  at  ten  dollars. 

Meeting,  Chicago,  Feb.  18,  1920. 

Present:  President  Turner,  Messrs.  Humphrey,  Wason,  Hatt,  Ashton, 
Boyer  and  Secretary  Whipple. 

Harvey  Whipple  was  re-elected  Secretary  for  one  year. 

Charles  R.  Gow,  Vice-President,  was  elected,  and  William  M.  Kinney 
was  re-elected  to  membership  on  the  Executive  Committee  to  serve  with  the 
President,  the  Secretary  and  the  Treasurer  as  provided  in  the  by-laws 
(Sec.  5). 

It  was  voted  as  the  sense  of  the  Board  that  encouragement  be  given 
to  the  increase  of  contributing  memberships  in  the  Institute  at  $50  a  year, 
and  that  each  such  annual  $50  contribution  entitle  the  donor  to  one  repre- 
sentation in  membership. 

Treasurer  Robert  W.  Lesley  was  instructed  to  take  the  necessary  steps 
to  put  the  Secretary  under  bond  of  $2000. 

*As  a  matter  of  information  Secretary  reports  membership  June  22,  1920,  as  follows: 
Supporting  Members  89,  Active  Members  486   (7i  in  questionable  standing  as  to  dues). 
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The  Secretary  was  instructed  to  give  certification  of  election  of  Presi- 
dent Turner,  and  the  re-election  of  Treasurer  Lesley  and  Secretary  Whipple 
to  the  Girard  Trust  Company,  Philadelphia. 

It  was  voted  that  applicants  for  membership  in  the  Institute  in  the 
latter  half  of  the  present  fiscal  year  upon  approval  of  their  application  be 
given  a  copy  of  Proceedings,  Volume  15,  in  addition  to  Volume  16  of  the 
1920  Convention. 

Messrs.  Wason,  Lesley  and  Gow  were  appointed  to  constitute  the 
Finance  Committee. 

It  was  voted  that  the  appointment  of  a  Publication  Committee  to 
advise  with  the  editor  of  the  Institute's  Proceedings  in  the  selection  of 
material  for  publication  be  left  to  the  President. 

It  was  voted  to  continue  Frank  C.  Wight  as  editor  of  Volume  16  of 
the  Proceedings,  and  a  vote  of  thanks  was  extended  to  Mr.  Wight  for  his 
very  efficient  services  as  editor  of  the  Proceedings  previously  issued  under 
his  direction. 

It  was  voted  that  all  members  of  the  Institute  hereafter,  beginning 
with  Volume  16,  be  given  one  copy  each  of  the  Proceedings  in  a  cloth 
binding;  that  paper  bindings  be  supplied  only  on  request  and  that  half- 
leather  bindings  be  furnished  to  members  at  the  additional  cost  of  manu- 
facture. 

It  was  voted  to  continue  the  News  Letters  to  members  inaugurated  by 
the  Secretary  in  January  at  intervals  not  greater  than  two  months. 

It  was  voted  to  continue  a  policy  of  cooperation  with  technical  and 
other  periodicals  interested  in  the  more  widespread  knowledge  of  develop- 
ments in  concrete  construction. 

Consideration  was  given  to  the  desirability  of  publishing  the  Institute's 
standards  in  a  single  volume.     This  matter  was  laid  on  the  table. 

It  was  voted  as  the  sense  of  the  Board  that  committee  appointments 
be  kept  within  the  Institute  membership  so  far  as  possible. 

The  President  was  avithorized  to  appoint  a  committee  of  three  to  make 
the  award  of  the  Wason  Medal  for  the  most  meritorious  paper  presented  at 
the  1920  Convention. 

It  was  voted  as  the  sense  of  the  Board  that  the  next  Convention  con- 
centrate attention  upon  a  few  major  subjects,  and  that  liberal  time  be 
given  on  the  program  for  their  consideration;  that  routine  reports  be 
received  in  full  and  presented  in  digested  form. 

A  tentative  list  of  the  major  subjects  to  command  the  special  atten- 
tion of  committees  with  the  view  to  exhaustive  reports  for  the  1921 
convention  is  as  follows:  Floor  Finish,  Contractor's  Plant,  Units  of 
Design,  Houses,   Storage   Tanks,  Roads. 

It  was  voted  to  set  aside  an  appropriation  of  $100  for  the  use  of  the 
Committee  on  Concrete  Products  as  the  nucleus  of  a  fund  to  secure  fire 
tests  of  concrete  building  units,  the  appropriation  to  become  available  when 
the  Committee  submits  a  plan  for  raising  further  funds  and  an  outline  of 
the  tests  to  be  made,  both  to  meet  the  approval  of  the  Board  of  Direction. 


MEMBERS  AMERICAN  CONCRETE  INSTITUTE. 

June,  1920. 
An  Asterisk  (*)  indicates  a  Supporting  Membership. 

Abe,  Mikishi,  24  Mita  S.  Temple  St.,  Shiba,  Tokyo,  Japan. 
*Aberthaw  Construction  Co.,  L.  C.  Wason,  27  School  St.,  Boston,  9,  Mass. 
(3  supporting  memberships). 

Abrams,  Duff  A.,  Lewis  Institute,  Madison  and  Rabey  Sts.,  Chicago,  111. 

Affleck,  B.  F.,  Universal  Portland  Cement  Co.,  210  S.  LaSalleSt.,  Chicago, 
111. 

Albright  &  Mebus,  Charles  F.  Mebus,  Land  Title  Bldg.,  Philadelphia,  Pa. 

Aldridge,  E.  V.,  Universal  Portland  Cement  Co.,  208  S.  La  Salle  St., 
Chicago,  111. 

Allen,  O.  T.,  American  Steel  and  Wire  Co.,  208  S.  La  Salle  St.,  Chicago,  111. 

Alliance  Hollow  Cement-Block  Co.,  J.  H.  Van  Middlesworth,  North- 
ampton, Pa. 
*Alpha  Portland  Cement  Co.,  L.  Anderson,  Jr.,  Easton,  Pa. 

American  Can  Co.,  C.  G.  Preis,  120  Broadway,  New  York  City. 

American  Cement  Tile  Mfg.  Co.,  J.  de  S.  Freund,  Oliver  Bldg.,  Pitts- 
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